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^Depending  on  the  extent  of  concrete  deterioration,  conventional  techniques 
for  repair  of  deteriorated  concrete  surfaces  normally  require  the  removal  of 
about  1  ft  of  face  concrete,  placing  anchors  and  reinforcing  steel  mat,  and  re¬ 
placing  the  removed  concrete  with  new  high-quality  air-entrained  concrete.  This 
type  of  repair  is  very  expensive  and  can  put  a  lock  out  of  service  for  a  long 
period  of  time.  At  Lower  Monumental,  the  cost  of  conventional  repair  was  esti¬ 
mated  to  be  prohibitive,  and  the  lock  could  not  be  taken  out  of  service  for  more 
than  a  matter  of  weeks.  A  coating  was  needed  that  (a)  could  be  applied  in  a 
short  period  of  time,  (b)  might  prevent  continued  damage  from  freezing  and  thaw¬ 
ing,  and  (c)  would  be  permanent  under  the  adverse  service  conditions. 

Six  coatings  of  various  Portland  cement  and  fine  aggregate  mixtures  were 
pneumatically  applied  to  a  section  of  the  lock  wall  for  evaluation.  Each  was 
applied  at  a  thickness  of  approximately  3/8  in.  A  conventional  dry-mix 
shotcrete  was  used  as  the  control  material  and  was  compared  to  fiberglass  fiber- 
reinforced  mortar  applied  by  the  vspray-up*  process  with  and  without  latex. ^ 
Air-entraining  cement  mixtures  were  also  compared  to  nonair-entraining  mixtures. 

An  accurate  account  of  construction  equipment,  procedures,  and  production 
time  was  maintained,  and  "constructability"  by  these  methods  was  evaluated. 
Laboratory  evaluation  included  resistance  to  oils,  permeability  at  various  pres¬ 
sures,  absorption,  air-void  size  and  spacing,  resistance  to  freezing  and  thaw¬ 
ing,  tensile  and  flexural  strength,  and  impact  resistance.  The  latex-modified 
fiber-reinforced  material  had  essentially  no  permeability,  high  impact  resis¬ 
tance,  and  very  high  strength  and  suffered  no  damage  due  to  freezing  and  thaw¬ 
ing.  Total  coating  of  the  interior  lock  wall  with  this  mixture  was  performed 
in  March  1980. 
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PREFACE 


This  report  was  prepared  by  the  U.  S.  Army  Engineer  District, 

Walla  Walla.  The  publication  of  this  report  was  funded  as  part  of 
Civil  Works  Investigation  Studies  (CWIS)  Work  Unit  31553,  "Maintenance 
and  Preservation  of  Civil  Works  Structures." 

This  report  discusses  surface  deterioration  and  repairs  of  con¬ 
crete  in  the  Lower  Monumental  Lock  on  the  Snake  River  in  Washington.  It 
includes  discussion  of  laboratory  studies,  testing,  construction,  and 
field  evaluation  of  the  original  concrete  and  of  the  various  cementi¬ 
tious  coatings  used  for  repairs. 

Initial  laboratory  investigations  began  in  1975.  A  full-scale 
field  demonstration  of  the  repair  procedure  was  performed  in  1979.  The 
complete  repair  was  accomplished  under  contract  in  1980. 

The  lock  is  operated  and  maintained  by  the  Walla  Walla  District. 
Colonels  Allaire  and  Thayer  were  District  Engineers  during  the  majority 
of  this  work.  Mr.  Ernest  K.  Schrader,  Foundations  and  Materials  Branch, 
was  principal  engineer  for  the  project  and  wrote  this  report.  Labora¬ 
tory  work  was  done  at  the  Corps'  North  Pacific  Division  Laboratory  at 
Troutdale,  Oreg.,  under  the  direction  of  Messrs.  Orville  Borge,  Director, 
and  James  Paxton,  Concrete  Branch  Chief. 

Director  of  WES  during  the  preparation  of  this  report  was  COL  N.  P. 
Conover,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  INCH-POUND  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


Inch-pound  units  of  measurement  used  in  this  report  can  be  converted  to 


metric  (SI)  units  as  follows: 

Multiply 

By 

To  Obtain 

cubic  feet 

0.3048 

cubic  metres 

cubic  yards 

0.764555 

cubic  metres 

feet 

0.3048 

metres 

inches 

25.4 

mill i metres 

miles  (U.  S.  statute) 

1.609344 

kilometres 

ounces  (mass) 

0.028635 

kilograms 

pounds  (force) 

4.448222 

newtons 

pounds  (force)  per  square  inch 

0.006894757 

megapascals 

pounds  (mass) 

0.45359237 

kilograms 

pounds  (mass)  per  cubic  foot 

16.018463 

kilograms  per  cubic  metre 

square  feet 

0.09290304 

square  metres 

DETERIORATION  AND  REPAIR  OF  CONCRETE 
IN  THE  LOWER  MONUMENTAL  NAVIGATION  LOCK  WALL 


SECTION  I  -  PROJECT  DESCRIPTION 


Lower  Monumental  Lock  and  Dam  is  a  $230-mi T T i on  (1961  dollars) 
project  located  on  the  Snake  River  about  40  miles*  from  Pasco,  WA 
(Plates  1  and  2).  Initial  construction  began  in  1961  and  the  project 
was  put  in  operation  in  1970.  The  dam  consists  of  a  concrete  gravity 
structure,  a  six-bay  powerhouse,  and  earthfill  embankments  (Plates  2 
and  3).  It  has  a  total  length  of  3800  ft  and  an  effective  head  of 
103  ft.  Included  between  the  powerhouse  and  south  embankment  is  a  navi¬ 
gation  lock  for  passage  of  pleasure  craft  and  commercial  barges.  The 
lock  chamber  has  clear  dimensions  of  86  by  675  ft  and  a  lift  height  of 
103  ft. 

The  lock  is  one  of  the  links  in  the  inland  waterway  from  the 
Pacific  coast  through  Portland,  OR,  to  Lewiston,  ID,  along  the  Columbia 
and  Snake  Rivers.  Because  there  are  no  alternate  waterways  or  lock, 
the  transportation  system  stops  if  the  lock  is  taken  out  of  service  for 
repai rs . 

The  environment  at  Lower  Monumental  is  harsh  from  the  standpoint 
of  concrete  durability.  The  region  does  not  have  extreme  winters  where 
the  temperature  drops  below  freezing  and  remains  there.  Instead,  the 
concrete  is  exposed  to  many  alternate  freezing  and  thawing  cycles.  This 
exposure  is  exaggerated  at  the  lock  where  each  lockage  can  cause  a  cycle 
when  the  water  is  just  above  freezing  and  the  air  temperature  is  below 
freezing.  Temperature  data  for  each  month  based  on  every  other  year 
since  the  project  became  operational  are  given  in  Exhibit  1.  The  range 
between  highest  and  lowest  temperature  goes  from  12°  Fahrenheit  to 
1110  Fahrenheit.  Cycles  of  freezing  and  thawing  based  on  daily  ambient 

*  A  table  of  factors  for  converting  inch-pound  units  of  measurement  to 
metric  (SI)  units  is  presented  on  page  iv. 
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temperature  changes  (a  conservative  estimate  of  total  freeze- thaw  cycles) 
is  also  given  in  Exhibit  1.  The  average  is  64  cycles  per  year.  Lock 
usage  shown  in  Exhibit  1  indicates  about  475  commercial  lockages  during 
the  months  of  freezing  weather  each  year.  Currently,  about  1400  commer¬ 
cial  lockages  occur  each  year  and  an  estimated  12,000  commercial  lock¬ 
ages  have  occurred  since  the  project  became  operational. 
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SECTION  II  -  CONCRETE  DETERIORATION 


Deterioration  of  concrete  in  navigation  lock  walls  has  caused 
serious  maintenance,  aesthetic,  operational,  and  safety  problems  at  a 
number  of  structures.  Most  of  these  are  older  structures  built  40  or 
50  years  ago  along  the  Mississippi  River  system  and  its  tributaries, 
but  Lower  Monumental  lock  is  a  new  structure  which  has  the  same  problem. 
It  is  an  irreversible  condition  for  which  conventional  repairs  are  ex¬ 
pensive.  At  Lower  Monumental  safety  is  of  particular  concern  because 
of  the  very  high  (103-ft)  lift.  If  a  loose  piece  of  aggregate  fell  from 
the  upper  portion  of  the  lock  onto  a  pleasure  craft  or  an  individual, 
serious  damage,  injury,  or  death  could  result. 

Deterioration  of  concrete  at  navigation  locks  is  typically  the 
result  of  an  improper  air-void  system  in  the  concrete  and,  consequently, 
low  resistance  to  damage  by  freezing  and  thawing.  Repeated  saturation 
of  the  wall  surface  due  to  filling  and  emptying  a  lock,  coupled  with  the 
many  cycles  of  freezing  and  thawing,  progressively  cause  damage  to  the 
mortar  portion  of  the  concrete.  For  two  reasons,  the  extent  of  freezing 
and  thawing  cycling  and  degree  of  damage  are  much  worse  for  a  lock  cham¬ 
ber  surface  than  would  otherwise  be  the  case.  First,  not  only  is  a 
source  of  water  always  present  to  provide  an  approach  to  critical  satu¬ 
ration,  but  pressure  from  water  in  the  lock  can  accelerate  the  rate  and 
depths  of  saturation.  Second,  when  the  ambient  temperature  stays  below 
freezing  and  is  not  going  through  damaging  freezing  and  thawing  cycles, 
concrete  in  the  lock  chamber  may  be  repeatedly  frozen  and  thawed  by 
alternately  being  subjected  to  river  water  just  above  freezing  and  the 
air  temperature  below  freezing.  In  a  high  lock,  the  freezing  point  of 
water  absorbed  in  the  concrete  can  even  change  due  to  hydrostatic  pres¬ 
sures  from  filling  the  lock. 

The  reason  for  an  improper  air-void  system  usually  is  that  a  struc¬ 
ture  was  built  many  years  ago,  before  the  benefits  of  entrained  air  were 
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appreciated,  and  it  simply  was  not  required.  At  Lower  Monumental  lock 
the  reasons  were  different.  Aggregates  for  the  concrete  were  natural 
materials  screened  from  river  deposits.  During  construction,  it  was 
necessary  to  use  an  unusually  high  dosage  of  air-entraining  admixture 
in  order  to  stay  above  the  acceptable  lower  limit  of  required  air  con¬ 
tent.  It  was  checked  at  the  time  of  batching  and  before  placement. 
However,  analysis  of  hardened  concrete  from  the  lock  indicated  that  the 
actual  air  content  was  less  than  required  and  that  the  concrete  had  very 
low  resistance  to  freezing  and  thawing.  Exhibit  2  contains  the  results 
of  those  tests  showing  an  overall  average  DFE  of  49.  Exhibit  3  contains 
results  of  air  content  determinations  showing  only  1.6  average  en¬ 
trained  air. 

Because  job  records  did  not  agree  with  the  results  of  tests  on  the 
in-place  concrete,  leftover  aggregates  from  original  construction  stock¬ 
piles  were  uncovered  and  screened  to  what  records  showed  was  used  during 
construction.  Air  contents  immediately  after  mixing  the  concrete  were 
checked  and  found  to  be  acceptable.  Workability  of  the  concrete  at  that 
time  was  considered  to  be  good.  This  represents  the  condition  when 
slump  and  air  content  tests  would  have  been  made  on  the  project  at  the 
batch  plant.  The  laboratory  mixture  was  then  rehandled,  allowed  to  sit 
for  30  m,  and  vibrated  to  simulate  hauling  and  placing.  Exhibit  3 
contains  the  results  of  these  tests  (NOTE:  The  data  for  Mix  386-9  were 
erroneously  typed  for  Mix  386-18  in  the  report,  page  3,  of  Exhibit  3, 
and  the  data  for  Mix  386-18  were  erroneously  typed  for  Mix  386-9).  The 
workability  changed  drastically  in  this  30-m  time  delay.  The  mixture 
lost  slump,  stiffened,  and  would  "post  hole"  when  vibrated.  The  total 
air  content  for  the  fraction  of  the  mixture  passing  the  19.0-mm  (3/4-in.) 
sieve  dropped  from  6.5  percent  to  5.3  percent.  Analysis  of  hardened 
samples  of  the  concrete  showed  that  this  change  consisted  of  a  0.2r  in¬ 
crease  in  entrapped  air  with  a  1.47  decrease  in  entrained  air.  Beams 
made  immediately  after  mixing  and  after  the  30-m  delay  both  had  good 
resistance  to  freezing  and  thawing,  with  a  DFE  of  87  for  the  delayed 
material  compared  to  90  for  the  specimens  made  immediately  after  mixing. 
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However,  the  amount  of  surface  relief  and  the  percent  weight  loss  was 
about  60"  greater  for  the  beams  cast  after  the  30-m  delay.  These  re¬ 
sults  indicate  that  during  construction,  the  air  content  immediately 
after  mixing  was  probably  acceptable,  but  by  the  time  the  mixture  had 
been  rehauled,  placed,  and  heavily  vibrated,  the  entrained  air  had 
dropped  significantly. 

The  premature  stiffening  problem  was  attributed  to  natural  fine 
aggregate  in  the  river-deposited  aggregate  source.  A  petrographic  analy¬ 
sis  of  it  is  included  in  Exhibit  3.  The  material  is  essentially  basalt 
with  some  granite,  quartz,  and  feldspar  and  about  6-'  of  it  consists  of 
porous,  absorptive,  or  friable  basalt  particles  and  silty  caliche.  Some 
of  the  basalt  contained  montmori 1 loni te  clay  which  is  suspected  of  being 
the  cause  of  the  stiffening  problem.  It  was  not  a  dust  coating  of  clay 
that  could  be  washed  off,  but  was  contained  within  the  smaller  particles. 
For  subsequent  concrete  operations  after  the  lock  and  south  shore  work 
was  completed,  all  fine  aggregate  was  manufactured  from  material  re¬ 
tained  on  the  9.5-mm  (3/8-in.)  sieve.  This  eliminated  the  stiffening 
problem  and  resulted  in  concrete  that  has  held  up  very  well  to  natural 
weathering. 

A  complete  explanation  of  factors  that  affected  the  air-void  sys¬ 
tem  and  what  the  phenomenon  was  that  was  responsible  for  requiring  a 
very  high  initial  air-entraining  admixture  dosage  is  not  available. 

There  may  have  been  a  chemical  or  physical  breakdown  that  occurred  in 
the  mixture.  The  available  explanation  is  that  the  fine  aggregate,  pos¬ 
sibly  because  it  contained  montmori 1  Ionite,  caused  severe  stiffening  of 
the  mixture.  This  may  have  chemically  affected  the  air-entraining  capac¬ 
ity  of  the  concrete.  It  did  reduce  the  amount  of  available  water.  Ex¬ 
perience  has  shown  that  for  very  dry,  no-slump  mixtures,  it  is  difficult 
or  impossible  to  obtain  an  effective  air-void  system.  The  very  stiff 
condition  of  the  mixture  necessitated  considerably  more  vibration  during 
placement  than  is  normal,  and  this  may  also  have  contributed  to  a  reduc¬ 
tion  in  effective  entrained  air,  although  it  should  not  have  done  so. 
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SECTION  III  -  REPAIR  METHOD  POSSIBILITIES 


AND  INITIAL  LABORATORY  STUDIES 


Concrete  deterioration  at  Lower  Monumental  was  evident  after 
several  years  of  operation.  It  progressed  through  the  next  few  years  to 
the  point  where  it  became  obvious  that  repairs  would  be  necessary.  The 
lower  areas  of  the  lock  chamber  had  the  worst  damage  with  75-mm  to  150-mm 
(3-  to  6-in.)  aggregate  fully  exposed  after  about  eight  years  of  service. 
In  addition  to  repairing  the  badly  damaged  areas,  a  treatment  was  needed 
that  would  prevent  further  deterioration  of  those  areas  not  yet  damaged 
to  the  point  of  needing  repair. 

A  conservative  approach  to  repairs  would  have  followed  a  procedure 
similar  to  that  used  or  proposed  at  other  navigation  locks  such  as  those 
in  the  Ohio  and  Mississippi  River  systems.  This  consists  of  removing 
about  the  first  foot  of  face  concrete  and  replacing  it  with  high-quality 
air-entrained  new  concrete  conventionally  reinforced  with  steel  and  an¬ 
chored  to  the  existing  mass  with  grouted  bars.  The  cost  of  doing  this 
at  low  head  structures  would  be  very  high  and  the  repair  schedule  re¬ 
quires  long  periods  of  time  for  construction.  Even  worse  is  the  economic 
impact  caused  by  stopping  or  slowing  the  flow  of  barged  goods  during 
repairs.  At  Lower  Monumental  this  approach  to  repairs  would  be  exorbi¬ 
tant  from  the  standpoint  of  cost,  time,  and  shipping. 

The  Lower  Monumental  lock  is  one  of  the  largest  in  the  world  with 
a  lift  of  103  ft  and  draft  of  about  20  ft.  The  possibility  of  providing 
a  floating  cofferdam  or  caisson  which  would  span  one  monolith  at  a  time 
and  seal  to  the  lock  wall  to  allow  men  to  work  inside  of  it  while  the 
lock  remained  in  use  was  investigated.  This  would  have  allowed  repairs 
to  be  made  without  taking  the  lock  out  of  service.  Because  only  one 
monolith  could  be  worked  on  at  a  time,  the  project  would  stretch  out  for 
many  years.  The  caisson  would  be  supported  by  only  one  monolith  on 
each  side  of  the  monoliths  being  repaired.  A  hazardous  overload  would 
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be  transmitted  to  them  by  hydrostatic  pressure  against  the  caisson.  The 
caisson  would  have  to  be  designed  to  essentially  be  a  floating  steel  dam 
about  150  ft  high,  spanning  about  a  60-ft  width,  with  a  daily  fluctuating 
reservoir  of  103  ft.  The  design  would  have  called  for  an  expensive  and 
massive  steel  structure  too  heavy  and  unwieldy  to  handle  in  the  lock. 

It  would  have  had  to  seal  against  the  deteriorated  lock  wall  and  been 
deeply  anchored.  Because  the  caisson  would  protrude  out  into  the  lock 
chamber,  the  barges  which  typically  go  through  as  double-wide  rafts 
would  have  to  split  into  single-wide  rafts  and  make  two  trips.  For 
safety  reasons,  personnel  working  within  the  caisson  would  probably  be 
required  to  evacuate  during  each  lockage.  In  summary,  this  concept  for 
repair  was  not  feasible  from  the  standpoints  of  construction  time,  de¬ 
sign,  practicality,  and  safety. 

If  a  conventional  approach  taking  more  than  a  few  weeks'  lock 
outage  period  for  construction  were  used,  the  only  acceptable  way  to 
make  the  repairs  would  be  to  provide  transfer  facilities  around  the  lock. 
This  would  have  cost  an  estimated  $13  million,  and  it  would  not  have 
allowed  the  passage  of  pleasure  craft.  An  additional  cost  of  about 
$250,000  to  the  Government  to  maintain  the  lock  in  a  long-term  unwatered 
condition  would  have  been  incurred.  The  estimated  construction  cost  for 
conventional  "remove  and  replace"  repairs  at  Lower  Monumental  was 
$13  million  in  addition  to  the  $13  million  required  for  transfer  facili¬ 
ties,  for  a  $26  million  total  cost. 

A  faster  and  more  economical  method  of  repair  and  prevention  of 
further  deterioration  of  the  lock  walls  was  needed.  If,  after  proper 
surface  preparation,  a  protective  shotcrete  coating  could  be  applied  to 
the  existing  wall,  large  savings  in  time  and  material  would  result.  Any 
build-out  would  have  to  be  minimal  so  that  the  effective  lock  width 
would  not  be  reduced.  Areas  of  the  structure  where  severe  deterioration 
and  spalling  occurred  to  depths  ranging  from  several  inches  to  several 
feet  would  first  be  filled  with  concrete,  epoxy  mortar,  shotcrete  or 
other  patching  material.  The  surface  coating  would  then  be  applied  over 
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the  patch.  Smaller  patches  not  mechanically  anchored  would  be  held  in 
place  by  bond  and  by  the  strength  of  the  coating  covering  them.  A  pro¬ 
gram  was  undertaken  to  evaluate  six  different  variations  of  pneumatical ly 
applied  mortar  coatings.  In  order  to  be  successful,  the  coating  would 
have  to  cure  rapidly,  bond  to  the  existing  wall,  be  resistant  to  wetting 
and  drying  and  freezing  and  thawing  cycles,  have  dimensional  stability, 
and  minimal  shrinkage  due  to  moisture  and  temperature  changes,  prevent 
the  penetration  of  water  through  it  even  at  heads  of  100  ft  while  still 
being  able  to  breathe  or  relieve  vapor  pressure  when  the  lock  is  empty, 
be  resistant  to  the  impact  of  barges,  have  acceptable  appearance,  be 
able  to  be  applied  at  temperatures  between  30°  and  90°  Fahrenheit  on  a 
surface  that  would  be  near  a  saturated  surface  dry  condition,  and  be 

practical  enough  to  apply  in  the  field  at  a  production  rate  of  about 
2 

10,000  ft  per  day.  A  material  meeting  these  prerequisites  was  not 
located. 

The  most  promising  idea  was  to  apply  a  shotcrete  that  would  con¬ 
tain  modifiers  which  could  enhance  its  qualities.  The  addition  of  fibers 
could  add  toughness,  resilience,  impact  resistance,  strain  capacity,  and 
other  desirable  properties.  Impermeabi 1 i ty ,  bond,  rapid  curing,  and 
minimal  shrinkage  could  be  provided  by  a  latex  modifier.  Portions  of 
concrete  from  the  lock  were  removed,  coated  with  a  3/8-in. -thick  fiber¬ 
glass  fiber- reinforced  latex-modified  mortar,  and  tested  to  see  if  this 
type  of  coating  did,  in  fact,  have  potential  for  repair  of  the  entire 
lock.  A  special  test  (Exhibit  4)  was  devised  to  simulate  actual  lockage 
conditions  during  freezing  and  thawing  cycles.  The  coated  concrete 
specimen  is  clamped  in  a  jig  that  seals  a  ponding  area  over  the  coating. 
Water  is  introduced  into  this  reservoir  and  air  pressure  is  applied  to 
develop  hydrostatic  pressures  similar  to  those  exerted  against  the  lock 
wall  during  a  lockage.  From  these  tests,  pressures  equivalent  to  heads 
of  0,  25,  50,  75,  and  100  ft  were  used.  One  beam  was  subjected  to  a 
standard  umpressuri zed  rapid  freezing  and  thawing  test.  After  each  thaw¬ 
ing  the  test  specimen  surface  was  flooded  and  subjected  to  the  specified 
pressure  simulating  a  lockage.  That  pressure  was  maintained  for  the 
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duration  of  a  lockage.  The  pressure  was  then  released  to  simulate  empty¬ 
ing  the  lock  and  the  specimen  was  refrozen.  After  freezing,  it  was 
thawed  and  the  cycle  was  repeated. 

At  first  the  results  were  disappointing  (Exhibit  4).  Resistance 
to  freezing  and  thawing  ranged  from  poor  to  excellent.  But,  investiga¬ 
tion  showed  that  the  mortar  coating  contained  latex  and  had  inadvertently 
not  been  allowed  to  air  dry  (proper  cure  for  a  latex-modified  mortar) 
before  being  tested.  This  resulted  in  the  poor  resistance  to  freezing 
and  thawing.  Because  the  test  specimens  failed  from  the  coating  surface 
down,  the  coating  did  protect  the  base  concrete  from  freezing  and  thaw¬ 
ing  damage.  It  was  concluded  that  the  system  would  work  if  the  coating 
itself  did  not  deteriorate.  It  was  also  thought  that  excellent  freezing 
and  thawing  resistance  could  be  achieved  if  the  coating  were  allowed  to 
air  dry  before  being  tested.  The  3/8-in-thick  mortar  coating  was  remade, 
both  with  and  without  latex.  Samples  of  the  coating  were  then  subjected 
to  standard  rapid  freezing  and  thawing  testing.  The  results  (Exhibit  4) 
confirmed  what  was  expected.  The  mortar  made  with  fiberglass  fibers  but 
no  latex  failed,  but  the  ones  which  contained  fiberglass  fibers  and  latex 
showed  no  damage.  Other  material  properties  were  also  very  favorable. 

The  coating  was  very  tough;  it  handled  well,  and  it  had  very  high 
ductility. 


SECTION  IV  -  FIELD  DEMONSTRATION 


MIXTURE  PROPORTIONS 

The  next  steps  in  evaluation  of  the  specialized  shotcrete  method 
of  repair  and  protection  were  to  demonstrate  its  field  practicality, 
thoroughly  test  the  material  properties  of  field-cast  panels,  and  ob¬ 
serve  the  field  performance  after  a  year's  exposure  to  actual  operational 
conditions.  A  field  test  was  performed  on  the  lock  wall  by  a  contractor 
under  fixed  bid  in  1979.  The  test  section  served  as  a  demonstration  area 
allowing  comparative  evaluation  of  the  performance  of  coatings  without 
latex  and  fiber,  without  latex  but  with  fiber,  and  with  both  latex  and 
fiber. 


The  question  had  also  been  raised  as  to  whether  a  pneumatically 
applied  mortar  coating  by  itself  would  have  sufficient  resistance  to 
freezing  and  thawing  if  it  contained  entrained  air.  A  search  was  made 
to  find  out  if  and  how  entrained  air  had  been  reliably  and  effectively 
introduced  into  pneumatically  applied  mortars.  Tne  results  showed  that 
this  had  been  attempted,  but  was  always  unsuccessful  in  both  the  wet  and 
dry  mix  process.  In  some  instances  oral  reports  were  received  that  this 
had  been  successfully  done  but  when  checked  further  there  never  was  an 
analysis  to  check  the  actual  air  content,  bubble  size,  bubble  spacing, 
or  actual  resistance  to  freezing  and  thawing  in  critically  saturated 
conditions.  It  seemed  possible  that  by  using  air-entraining  cement,  an 
effective  air- void  system  could  be  realized.  This  variable  was  therefore 
included  in  the  field  trial  mixtures  and  the  follow-up  laboratory  test¬ 
ing.  The  six  resulting  trial  mixtures  based  on  one-cubic-yard  batches 
are  shown  in  Table  I. 

The  mixtures  containing  fibers  required  a  very  high  cement  factor 
in  order  to  coat  all  of  the  fiber  surface  area  with  paste.  Each  factor 
is  composed  of  over  100  fine  filaments.  If  this  high  cement  factor  were 
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used  for  conventional  shotcrete,  failure  of  the  material  due  to  shrinkage 
and  volume  instability  would  have  been  expected.  In  the  glass-fiber  mix¬ 
ture,  the  fiber  composite  provides  high  strength  and  strain  capacity 
needed  so  that  shrinkage,  cracking,  and  failure  are  eliminated  or  mini¬ 
mized.  Hence,  a  marked  variation  in  cement  factor  between  the  trial  mix¬ 
tures  was  used. 

Typical  glass  fiber  mixtures  use  fiber  contents  about  double  the 
amounts  used  in  the  trials.  They  also  use  fibers  on  the  order  of  1/2 
to  1  in.  long  instead  of  4  in.  long.  For  the  lock  application  it  was  con¬ 
sidered  unnecessary  to  have  such  a  high  fiber  concentration.  It  was  also 
thought  that  the  longer  fiber  length  and  expected  lower  water-cement 
ratio  would  help  compensate  for  loss  of  material  properties  resulting 
from  less  fiber,  while  improving  dimensional  stability  under  thermal  and 
humidity  changes. 

Because  of  the  high  cement  content  and  method  of  application, 
water-cement  ratios  for  the  glass  fiber  mixture  without  latex  were  only 
about  0.36.  Because  the  latex  acts  as  a  fluidifier,  the  effective  water- 
cement  ratio  for  it  was  only  0.26  (which  includes  water  contained  in  the 
latex  solution).  The  latex  solids  were  about  15  percent  of  the  cement 
weight.  These  low  water-cement  ratios  were  one  more  reason  why  the  very 
rich  mixtures  did  not  exhibit  a  problem  with  shrinkage  and  dimensional 
stabi 1 i ty. 

It  should  be  pointed  out  that  the  saran-based  latex  used  was  se¬ 
lected  because  it  had  exhibited  the  best  initial  laboratory  strengths 
and  was  only  slightly  more  expensive  than  other  polymer  modifiers.  How¬ 
ever,  the  improvements  over  a  styrene  butadiene  latex  were  not  very 
great.  If  the  latex  were  to  be  used  over  steel,  with  steel  fibers,  or 
over  a  reinforced  concrete  section  with  little  cover,  another  latex 
would  have  been  selected,  since  the  one  selected  contains  chlorides  which 
might  result  in  attack  on  the  steel  and  damage  to  the  concrete. 
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APPLICATION 


The  navigation  lock  was  built  with  standard  construction  with  each 
wall  being  composed  of  16  monoliths  cast  in  place  next  to  each  other.  A 
vertical  joint  separates  each  monolith  from  the  next.  Concrete  for  each 
monolith  was  placed  in  5-ft-high  lifts.  The  lock  chamber  face  of  mono¬ 
lith  9  had  various  degrees  of  surface  deterioration  ranging  from  minimal 
at  the  top  to  severe  at  the  bottom.  It  was  divided  into  six  equal  10-ft- 
wide  strips  running  from  the  top  of  the  lock  down  to  tailwater.  Each 
strip  was  coated  with  one  of  the  trial  mixture  proportions. 

The  first,  and  perhaps  most  important  step,  was  preparation  of  the 
existing  surface.  Contract  specifications,  as  stated  below,  were  clear 
with  regard  to  what  was  to  be  accomplished  during  the  surface  preparation 
phase: 


"Prior  to  applying  any  of  the  shotcrete  coatings,  the  surface 
shall  be  prepared  by  removing  all  loose,  unsound,  and  friable 
material  and  by  removing  all  surface  contaminants  such  as 
dust,  silt,  old  curing  compound,  organic  growth,  etc.  The 
purpose  of  applying  the  coatings  is  to  prevent  continued  de¬ 
terioration  of  the  mortar  portion  of  the  concrete.  Due  to 
deterioration  that  has  occurred  to  date,  much  of  the  mortar 
is  very  poor,  crumbly,  and  friable.  All  of  this  unsound  mate¬ 
rial  shall  be  completely  removed  prior  to  application  of  coat¬ 
ing.  Any  cleaning  procedure  that  safely  and  thoroughly  per¬ 
forms  this  cleaning  without  undercutting  exposed  aggregate  will 
be  acceptable.  However,  the  procedure  used  will  be  subject  to 
the  approval  of  the  Contracting  Officer  after  field  demonstra¬ 
tion.  Some  possible  cleaning  procedures  are  high-pressure 
waterjets,  air-water  cutting,  sandblasting,  mechanical  brushes, 
or  a  combination  of  these  techniques...." 


Unfortunately,  the  surface  preparation  actually  provided  was  less 
than  desired.  A  water  wash  with  questionable  pressure  was  used  for 
cleanup.  In  some  areas  this  worked  satisfactorily,  but  in  other  areas 
the  surface  afterward  had  loose  friable  mortar  between  large  aggregate 
particles  which  could  easily  be  removed  by  hand  or  with  a  screwdriver. 
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As  unfortunately  is  the  case  in  many  construction  projects,  con¬ 
tract  administration  and  scheduling  problems  did  not  permit  proper  clean¬ 
up  of  all  areas  prior  to  application  of  the  new  materials.  The  effects 
of  this  will  be  discussed  later.  Aside  from  evaluation  of  the  various 
mixtures  used,  the  project  served  well  as  a  demonstration  of  the  impor¬ 
tance  of  obtaining  an  acceptable  surface  upon  which  to  apply  any 
shotcrete. 

In  all  of  the  mixtures,  materials  were  batched  and  blended  at  the 
top  of  the  lock  and  were  then  brought  to  the  work  platform  at  the  appli¬ 
cation  location.  Mixtures  1,  3,  and  4  were  applied  from  a  hanging  plat¬ 
form  of  limited  width  which  congested  working  conditions  and  did  not 
allow  the  nozzleman  to  follow  good  practice.  Mixtures  2,  5,  and  6  were 
applied  from  a  much  larger  floating  barge. 

The  conventional  dry-mix  shotcrete  used  a  typical  concrete  sand. 

The  thickness  was  built  out  in  a  single  layer.  Following  application  of 
the  mixture  the  contractor  applied  a  cement-rich  "flash  coat"  as  his 
standard  practice.  Unfortunately,  in  his  eagerness  to  do  a  good  job,  the 
contractor  over-built  the  thickness  and  added  the  flash  coat,  neither  of 
which  was  desired.  This  made  comparative  evaluation  and  some  of  the  in¬ 
formation  desired  on  thinner  coatings  more  difficult,  or  impossible  to 
attain.  The  work  crew  consisted  of  six  men.  Three  of  the  men  handled 
mixing  of  the  cement  and  sand;  one  man  was  at  the  nozzle,  and  one  man 
checked  the  depth  of  the  coating.  It  took  6  to  8  h  to  complete  the 
10-ft-wide,  115-ft-high  strips.  Rebound  was  estimated  at  15  to  17°'  by 
comparing  a  visual  determination  of  the  volume  of  rebound  collected  to 
the  volume  of  material  applied.  Shooting  was  done  with  an  experienced 
crew,  but  because  the  hanging  scaffold  from  which  the  nozzleman  worked 
was  only  a  few  feet  wide  and  close  to  the  wall,  it  was  impossible  to 
shoot  directly  at  the  wall  without  being  too  close  (Plate  4). 

The  glass-fiber-reinforced  materials  were  applied  using  the  stan¬ 
dard  "spray-up"  process  which  applies  a  wet  mixture  at  low  pressure. 
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while  the  fiberglass  fibers  are  chopped  and  blown  against  the  surface 
simultaneously  with  the  mortar.  The  thickness  of  material  applied  was 
only  about  1/8-in.  per  pass  and  the  surface  was  rolled  with  what  looks 
like  a  serrated  paint  roller  between  passes.  This  pressed  the  glass 
fibers  into  close  contact  with  the  mortar.  A  mat  of  material  resulted 
which  could  actually  be  lifted  off  in  sheets,  but  which  also  would  sag 
if  too  much  weight  was  added  too  fast. 

Because  the  spray-up  process  has  historically  used  a  fine  sand  for 
the  aggregate  (usually  20/30  pre-bagged  sand),  the  Government  contracting 
Officer  agreed  to  the  contractor's  request  to  switch  from  bulk  concrete 
sand  to  the  pre-bagged  finer  material.  At  the  end  of  the  job,  one  test 
panel  was  also  made  for  laboratory  evaluation  with  the  coarser  specified 
sand.  This  mixture  turned  out  to  work  well  in  the  spray-up  equipment, 
had  less  tendency  to  sag,  and  gave  the  best  results  in  all  laboratory 
tests. 


Problems  were  encountered  by  one  of  the  contractor's  less  experi¬ 
enced  crews  when  they  began  spraying  the  latex-modified  mortar  under 
ambient  temperatures  of  80°  F  and  higher.  The  material  would  thicken  or 
develop  lumps  and  plug  the  equipment.  The  second  work  crew  had  no  diffi¬ 
culty  with  the  material,  but  they  were  more  experienced,  used  a  conven¬ 
tional  mortar  mixer  rather  than  the  "high-shear"  mixer,  used  the  minimum 
hose  lengths  necessary,  and  followed  close  quality  control  procedures 
(accurate  weighing  of  batches,  pre-mixing  the  latex  solution,  use  of  the 
flow  cone  to  control  workability,  careful  measurement  of  the  antifoaming 
agent,  etc.).  Instead  of  working  from  the  hanging  scaffold,  this  crew 
worked  from  a  floating  platform  with  adequate  room  (Plate  4).  As  work 
progressed  from  the  top  down,  the  platform  was  lowered  about  5  ft  at  a 
time  by  slowly  emptying  the  navigation  lock.  The  newly  exposed  surface 
which  had  previously  been  prepared  by  removing  loose  materials  was  blown 
dry  (SSD)  just  prior  to  applying  the  coatings.  Including  the  time  re¬ 
quired  for  all  of  the  incremental  lowerings  of  the  lock  and  for  blowing 


4-6 


the  surface  dry,  the  crew  was  able  to  achieve  an  overall  production  rate 
of  over  30  square  yards  per  hour.  The  work  crew  consisted  of  six  men. 
Rebound  was  estimated  less  than  five  percent. 

EVALUATION 

Evaluation  of  the  various  mixtures  and  application  procedures  con¬ 
sisted  of  three  basic  phases:  (1)  determining  the  practicality  and 
speed  of  application  of  the  coatings  using  construction  crews  under  true 
field  conditions;  (2)  extensive  laboratory  evaluation  of  test  panels 
made  and  cured  in  the  field;  and  (3)  evaluation  of  physical  performance 
of  the  in-place  material  after  one  full  year  of  service. 

The  field  applications  showed  that  with  experienced  crews  and 
proper  planning,  any  of  the  coating  materials  could  be  applied  at  a  rea¬ 
sonable  rate  under  difficult  field  conditions.  If  the  width  of  the  test 
panel  sections  had  been  greater,  the  rates  of  application  would  have  been 
much  greater.  The  field  work  also  showed  that  air-entraining  cement 
could  be  used  in  any  of  the  mixtures,  but  that  the  benefits,  as  discussed 
below,  are  doubtful.  From  a  practical  standpoint,  the  demonstration 
showed  that  the  latex  mixtures  had  a  natural  advantage  over  the  conven¬ 
tional  mixtures  because  their  use  permits  a  drying  period  instead  of 
moist  cure  after  application.  Good  moist  curing  or  properly  applied  and 
protected  curing  compound  is  typically  difficult  to  obtain  in  the  field, 
especially  on  a  job  like  this  one  where  men  are  working  below  and  adja¬ 
cent  to  a  100-ft-high  previously  applied  surface. 

Field  cast  specimens  lot  against  rigid  plywood  boards  were  re¬ 
moved  from  the  board  and  ti  ^med  to  a  thickness  of  5/16-in.  for  testing 
so  that  they  would  all  be  of  the  same  thickness.  This  allowed  more  ac¬ 
curate  comparison  of  data  and  duplicated  the  design,  thickness  for  fu¬ 
ture  work.  The  tabulated  results  of  laboratory  tests  are  given  in 
Tables  1 1 - a  and  Il-b. 
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TABLE  1 1  a 

RESULTS  OF  LABORATORY  TESTING  STUDIES 
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RESULTS  OF  LABORATORY  TESTING  STUDIES 
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Type  IA  cement  was  used  on  each  of  the  three  basic  formulations 
(no  latex-no  fiber,  no  latex-with  fiber,  with  latex-with  (fiber)  to  see 
if  controllable  and  effective  air  entrainment  could  be  accompl ished. 

It  was  checked  "as  shot"  in  the  wet-mix  process  as  it  came  from  the 
nozzle.  This  could  not  be  done  for  the  dry-mix  process  because  of  the 
basic  equipment  and  process.  A  microscopic  examination  was  later  made 
from  samples  of  each  mixture  sawn  from  all  of  the  hardened  field  coatings 
after  cure.  The  only  mixture  which  had  sufficient  effective  air  bubbles 
(less  than  1-mm  in  size)  to  provide  some  resistance  to  freezing  and  thaw¬ 
ing  was  one  of  the  batches  made  with  latex  and  fibers.  However,  this 
one  test  result  is  suspicious.  It  does  not  agree  with  the  results  of 
other  batches  made  with  the  same  mixture  proportions  and  may  not  have  had 
the  correct  admixtures.  Also,  the  resistance  to  freezing  and  thawing 
obtained  with  this  material  probably  should  be  attributed  to  the  imper¬ 
meability  provided  by  the  latex.  The  results  of  the  rapid  freezing  and 
thawing  test  on  hardened  material  samples  varied  considerably  for  differ¬ 
ent  samples  of  some  of  the  same  mixtures.  However,  the  data  do  posi¬ 
tively  show  that  latex  mixtures  without  entrained  air  can  give  extremely 
good  resistance  to  damage  by  freezing  and  thawing. 

Alternate  wetting  and  drying  and  freezing  and  thawing  cycle  test¬ 
ing  gave  results  similar  to  the  rapid  freezing  and  thawing  tests.  Wet¬ 
ting  was  done  by  soaking  the  samples  in  water  for  6  h  after  drying  them 
for  6  h  at  20o°  F. 

Soaking  the  samples  in  petroleum  (kerosene)  had  no  significant 
effect. 

Specialized  tests  of  permeability  and  flow  were  performed  to  deter¬ 
mine  if  the  coatings  could  effectively  prevent  the  penetration  of  water 
under  various  pressure  heads  simulating  the  water  depths  of  the  lock. 
These  determinations  were  made  by  maintaining  a  constant  head  of  5,  50, 
and  100  ft  against  field-cast  test  specimen.  The  spray-up  materials. 
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with  and  without  latex,  performed  well.  Conventional  shotcrete  performed 
very  poorly.  The  latex  mixtures  with  fibers  had  essentially  no  flow  or 
permeability,  regardless  of  head. 

Unit  weights  of  the  different  mixtures  varied,  but,  in  general, 
conventional  shotcrete  had  the  greatest  unit  weight,  and  the  glass-fiber 
spray-up  materials  had  unit  weights  of  about  5  less. 

Absorption  for  the  conventional  shotcrete  was  slightly  less  than 
that  of  the  higher  cement  content  spray-up  coatings.  It  is  expected  that 
if  fiberglass  fibers  were  not  used  in  the  spray-up  mixtures,  the  absorp¬ 
tions  would  have  been  much  less.  Fiber  filaments  that  are  exposed  prob¬ 
ably  tend  to  act  like  a  wick,  absorbing  some  moisture. 

Flexural  strengths  were  determined  on  the  thin  coatings,  using  a 
specimen  2-1/2  in.  wide  and  12  in.  long.  A  10-in.  simple  span  with  third- 
point  loading  was  used.  Test  results  ranged  from  typical  values  for 
conventional  shotcrete  (890-psi  average),  to  very  high  strengths  for  the 
spray-up  materials  (3250-psi  maximum).  During  testing  the  spray-up 
specimens  deflected  as  much  as  3/4  in.  without  breaking  apart. 

Direct  tensile  strengths  were  also  run  on  thin  sections.  Results 
ranged  from  225  psi  for  conventional  shotcrete  to  1580  psi  for  spray-up 
material  with  latex. 

Impact  tests  were  performed  using  the  procedure  recommended  by  AC  I 
Committee  544.^  Basically,  this  test  consists  of  placing  a  hardened 
steel  ball  on  top  of  a  6-in. -diameter  disk  of  the  test  material,  and  im¬ 
pacting  the  ball  with  a  standard  10-lb  drop  hammer,  falling  18  in.  The 
number  of  blows  required  to  crack  the  test  specimen  and  the  number  of 
blows  required  to  spread  the  cracks  or  separate  the  test  specimen  were 

^  ACI  Committee  544,  "Measurement  of  Properties  of  Fiber-Reinforced 
Concrete,"  ACI  Journal,  July  1978. 
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recorded.  The  conventional  shotcrete  cracked  and  separated  at  one  blow 
of  the  test  apparatus.  The  spray-up  materials  with  fiber  typically  re¬ 
quired  nearly  a  hundred  blows  to  crack,  and  many  more  blows  to  separate 
the  crack.  The  glass  fiber  mixtures  with  latex  that  were  applied  by  the 
more  experienced  crew  never  failed. 

After  a  year  of  being  in  service,  the  condition  of  the  various 
coating  materials  on  the  lock  wall  were  closely  inspected.  Cores  were 
taken  in  typically  good  and  poor  areas  of  bond  for  each  type  of  coating. 
Plate  4  contains  a  photograph  of  typical  cores.  Following  are  observa¬ 
tions  of  the  condition  of  the  field  coatings  after  one  year  of  service. 
Although  only  one  year  of  service  had  been  experienced,  the  environment 
in  the  Lower  Monumental  area  subjected  the  coating  to  a  thorough  test. 
From  field  performance,  coupled  with  the  lab  data,  positive  conclusions 
can  be  made. 

Mixture  1:  Conventional  Shotcrete,  Type  III  Cement.  Hollow  (de- 
bonded)  areas  were  present  on  most  lift  sections.  The  sizes  of  the  de- 
bonded  areas  varied  considerably,  ranging  from  a  few  inches  in  diameter 
to  nearly  the  entire  lift  section.  A  number  of  fine  cracks  were  present 
Although  debonded  areas  and  fine  cracks  were  present,  the  coating  sur¬ 
face  itself  was  generally  sound,  with  essentially  no  change  in  appear¬ 
ance  (with  the  exception  of  fine  cracks)  from  the  previous  summer. 

Mixture  2:  Conventional  Shotcrete,  Type  IA  Cement.  The  fine 
cracks  evident  here  did  not  appear  to  be  as  numerous  as  in  Mixture  1. 
Also  there  appeared  to  be  fewer  hollow  areas  as  compared  to  Mixture  1. 

In  this  section,  a  large  crack  in  the  monolith  was  noted  during  applica¬ 
tion  of  the  coating.  This  crack  reflected  through  the  coating  as  one 
tight  crack,  with  no  spalling  around  it. 

Mixture  3:  Glass-Fiber-Reinforced  Shotcrete,  Type  I  Cement.  No 
fine  cracks  were  evident  in  this  section,  and  very  few  debonded  areas 
were  present.  It  should  be  noted  that  the  preparation  of  the  surfaces 
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prior  to  application  of  coatings  the  previous  summer  was  observed  to  be 
better  on  sections  where  Mixtures  3  and  4  were  applied,  as  compared  to 
the  other  four  sections.  The  observations  after  one  year  of  field  ser¬ 
vice  help  to  confirm  the  importance  of  good  surface  preparation.  The 
surface  of  this  coating  (and  that  of  Mixture  4)  showed  essentially  no 
change  in  appearance  from  the  previous  summer. 

Mixture  4:  Glass-Fiber-Reinforced  Shotcrete,  Type  IA  Cement.  A 
few  fine  cracks  were  noted  in  only  one  area.  The  overall  percentage  of 
debonded  areas  on  this  section  was  very  low. 

Mixture  5:  Shotcrete  Containing  Glass  Fibers  and  Latex,  Type  I 
Cement.  No  fine  cracks  were  evident  in  this  section.  No  hollow  (de¬ 
bonded)  areas  were  evident  on  the  upper  lifts.  However,  some  of  the 
lower  lift  sections  were  almost  completely  debonded.  After  one  year  of 
field  service,  this  section  (and  that  coated  with  Mixture  6)  were  not 
as  good  with  respect  to  bonding  to  the  substrate,  as  were  the  sections 
with  glass  fibers  alone.  However,  this  is  attributed  entirely  to  differ¬ 
ences  in  preparation  of  the  surfaces  prior  to  coating. 

Mixture  6:  Shotcrete  Containing  Glass  Fibers  and  Latex,  Type  IA 
Cement.  No  fine  cracks  were  observed  in  this  section.  No  debonded  areas 
were  evident  on  the  upper  lifts,  but  numerous  hollow  areas  were  present 
in  lower  lift  sections,  with  some  sections  having  completely  peeled-off 
in  large  sheets.  However,  immediately  next  to  some  of  the  peeled-off 
areas,  the  bond  of  the  coating  to  the  substrate  wab  excellent.  As  with 
all  other  sections,  the  surfaces  of  sections  coated  with  Mixtures  5  and 
6  showed  essentially  no  change  in  appearance  from  the  previous  summer. 

Results  of  Tests  on  Core  Samples:  Visual  examinations  of  cores 
indicated  that  hollow  sounding  areas  were,  in  fact,  delaminated,  and  the 
anticipated  well-bonded  zones  were  found  to  be  sound.  These  observations 
confirmed  that  the  debonding  failures  were  caused  by  improper  surface 
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preparation.  The  coatings  in  such  instances  were  found  to  be  bonded  to 
the  mortar  from  the  original  (unsound)  surface,  but  the  weak  surface 
mortar  had  peeled  away  from  the  rest  of  the  concrete,  thereby  causing 
the  fai lure  (Plate  4) . 

RECOMMENDATIONS  AND  CONCLUSIONS 

Based  on  laboratory  tests  and  field  trials,  the  following  conclu¬ 
sions  and  recommendations  were  made  in  1979. 

Coating  systems,  such  as  the  fiber-reinforced-latex-modified  sys¬ 
tem  should  be  extremely  effective  in  terms  of  time  and  cost  savings  when 
compared  to  the  alternative  of  removing  perhaps  1-1/2  ft  of  lock  wall 
concrete,  placing  anchor  bars  into  drilled  holes,  and  replacing  the  con¬ 
crete  with  new  concrete.  Based  on  combined  field  and  laboratory  evalua¬ 
tions,  a  contract  should  be  issued  to  coat  the  deteriorated  lock  wall 
surface  at  Lower  Monumental,  during  a  three-week  period,  with  a  thin 
sprayed-on  fiberglass  fiber-reinforced-latex-modified  coating. 

Laboratory  and  field  evaluation  of  sample  panels  indicated  that 
overall  the  best  performance  can  be  achieved  by  a  combination  of  glass 
fibers  and  latex,  followed  in  order  by  glass  fibers  alone  and  by  conven¬ 
tional  shotcrete.  The  superiority  of  the  latex  mix  is  especially  appar¬ 
ent  in  the  permeability,  flow,  and  freeze-thaw  tests.  These  also  were 
the  most  important  tests  for  the  lock  wall  use  of  the  material. 

Proper  surface  p 'eparations  are  absolutely  essential  prior  to  ap¬ 
plying  and  coating. 

Air-entraining  cement  did  not  produce  adequate  entrained  air  in 
any  of  the  mixtures  used,  regardless  of  mixer  type  and  regardless  of 
whether  the  wet-mix  or  dry-mix  process  was  used. 
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In  determining  which  coating  materials  to  use  in  future  lock  wall 
repairs,  a  careful  cost/benefit  evaluation  should  be  made.  Based  on 
present  observations,  it  is  likely  that  conventional  sholf'rete  will  give 
a  few  to  several  years  of  good  service.  The  glass-fiber  and  glass-fiber- 
latex  coatings  will  give  better  service  for  successively  longer  periods 
of  time,  but  at  respectively  greater  initial  cost. 
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SECTION  V  -  REPAIR  CONTRACT 


Based  on  laboratory  tests  and  the  field  demonstration,  it  was 
decided  that  the  lock  could  and  should  be  repaired  by  coating  it  with 
the  latex-modified  fiberglass-reinforced  mortar.  As  early  work  pro¬ 
gressed  on  preparation  of  bidding  documents,  the  job  presented  a 
number  of  interesting  problems  and  questions.  Some  of  the  more  inter¬ 
esting  ones  were: 

1.  How  should  surface  preparation  be  specified  and  how  could  the 
Government  reliably  get  satisfactory  results? 

2.  How  could  the  understandability  high-risk  factor  that  contt ac¬ 
tors  would  apply  to  the  job  be  minimized? 

3.  Should  the  job  go  out  as  fixed  price  to  a  low  bidder,  should 
it  be  negotiated,  or  should  it  be  "cost-plus"? 

4.  Could  "sole  source"  materials  be  used? 

5.  Should  the  job  be  set  aside  for  small  businesses? 

6.  Since  there  could  be  no  time  extension,  how  would  partial  pay¬ 
ment  be  handled  if  the  job  was  only  parti aJly  completed? 

7.  What  prequal if ications  of  bidders  and  the  workmen  should  be 
required,  if  any? 

8.  How  should  the  technical  provisions  of  the  specifications  for 
which  there  were  no  guides  be  worded? 
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SURFACE  PREPARATION 


The  success  of  the  repairs  was  totally  dependent  upon  satisfactory 
surface  preparation.  No  matter  how  good  the  coating  itself  was,  it 
would  be  useless  if  it  did  not  bond  to  the  existing  wall.  During  the 
field  demonstration,  difficulties  were  encountered  in  getting  an  ac¬ 
ceptably  prepared  surface.  There  always  was  a  question  of  "how  clean 
is  clean."  The  contractor,  designer,  and  field  inspectors  all  had 
different  concepts  of  what  could  and  should  be  accomplished.  Results 
of  the  field  demonstration  clearly  showed  that  if  the  surface  is  not 
cleaned  of  all  loose,  unsound,  and  friable  materials,  the  coating  will 
become  loose  and  fail. 

Prior  to  preparing  the  bid  documents,  several  additional  surface 
cleaning  trials  were  made  under  purchase  order  and  time  and  materials 
arrangements  to  verify  that  with  properly  operating  and  used  high- 
pressure  water-jet  equipment,  the  surface  could  be  satisfactorily 
cleaned.  Sandblasting  equipment,  wire  brushes,  hand  chipping,  and 
air-operated  scabblers  were  also  tried  by  the  Government  designers. 
The  benefit  of  this  experience  was  passed  on  to  the  bidders  through  a 
prebid  conference,  discussion  on  the  technical  provisions  of  the  bid¬ 
ding  documents,  and  with  photographs  of  the  work  which  also  became  a 
part  of  the  bidding  documents.  Exhibit  5  contains  the  actual  bid  docu¬ 
ment  and  contract  wording  with  regard  to  surface  cleaning.  Plate  5 
contains  photographs  of  some  of  the  Government's  surface  cleaning 
experiences  which  were  also  part  of  the  bid  documents. 

There  is  no  device  or  test  which  could  be  used  to  measure  the 
degree  of  "clean"  necessary  and  actually  achieved.  It  was  totally  a 
judgmental  thing  based  on  a  description  expressed  in  the  bid  documents. 
This  caused  concern  among  the  Corps'  contract  administration  group  but 
was  an  unavoidable  situation.  In  actuality,  for  the  main  repair  con¬ 
tract  it  did  not  turn  out  to  be  a  problem.  The  situation  is  not  really 
any  different  than  occurs  when  preparing  lifts  of  mass  concrete  for 
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subsequent  placements  or  when  preparing  a  foundation  for  concrete  or 
earthfill.  Good  judgment  must  be  used  and  there  is  no  qualitative  test 
that  can  be  applied.  To  minimize  disagreements  and  the  application  of 
different  standards  by  different  inspectors,  and  to  establish  with  the 
contractor  right  from  the  start  what  would  be  acceptable,  the  contract 
required  preparing  "sample  areas"  before  progressing  with  clean  up  of 
the  entire  lock.  This  was  done  in  areas  of  minimal,  medium,  and  ser¬ 
ious  deterioration.  The  contractor's  foreman,  field  supervision,  and 
company  owner  were  there.  The  Corps  had  its  designer,  shift  supervi¬ 
sors  for  inspection,  and  head  of  the  construction  administration  divi¬ 
sion  present.  The  equipment  to  be  used  in  the  actual  cleaning  was 
used  in  the  demonstration.  Agreement  was  easily  reached  as  to  what 
was  required  and  what  was  an  acceptable  condition.  This  standard  was 
then  used  throughout  the  job. 

Most  of  the  actual  cleaning  was  done  between  lockages  over  a 
three-week  period  before  the  lock  outage  and  actual  spray-up  coating 
operations  began.  High-pressure  water-jet  equipment  was  used  and  nor¬ 
mally  operated  at  about  10,000  psi.  As  the  nozzle  tips  would  wear  out, 
the  pressure  would  slart  to  drop  to  about  7,000  psi.  New  tips  were 
then  installed.  Both  the  pressure  and  angle  of  the  jet  were  critical 
to  effectively  remove  unsound  materials.  Occasional  handchipping  was 
used  to  supplement  the  water  jet  where  it  just  didn’t  clean  well 
enough.  Usually  the  unsound  mortar  was  about  1/4-in.  to  3/8-in. 
thick  and  flaked  off  easily.  For  most  of  the  area  in  the  lower  portion 
of  the  lock,  scaling  had  already  occurred  to  a  depth  of  1/2  to  2  in. 
in  the  mortar,  severely  exposing  the  large  aggregate  which  itself  was 
quite  sound.  Plate  5  shows  the  cleaning  operation. 

BIP  DOCUMENTS 


The  bidding  documents  were  very  specific  and  descriptive.  They 
included  a  narrative  of  what  the  problem  was  and  the  repair  objectives. 


Discussions  of  Government  experience  with  such  things  as  satisfactorily 
cleaning  the  deteriorated  surface  were  included  in  the  specifications 
for  the  bidder's  benefit.  The  "drawings"  included  photographs  of  the 
project  and  developmental  work.  Specifications  required  use  of  exper¬ 
ienced  and  trained  key  personnel  and  workmen.  An  extensive  quality 
control  program  was  clearly  spelled  out  and  a  detailed  CPM  was  required. 
The  most  applicable  parts  of  the  bidding  documents  are  contained  in 
Exhibit  5.  There  were  no  modifications  to  the  bid  documents  after  they 
became  the  contract.  There  also  were  no  claims. 

Some  of  the  most  important  aspects  of  the  bidding  stage  were  to 
first  interest  contractors  into  bidding  the  specialized  high-risk  proj¬ 
ect,  then  to  minimize  the  risk,  and  finally  be  sure  the  bidders  under¬ 
stood  the  project.  The  specifications  were  written  with  more  dialogue 
and  in  a  more  descriptive  manner  than  normally  would  be  done.  Comments 
from  bidders  showed  that  they  appreciated  this  approach,  especially  the 
discussions  about  what  the  purpose  of  the  project  was  and  what  the 
Government  experience  had  been  with  cleaning  and  application  of  the 
coating. 

A  pre-bid  conference  was  held  which  included  a  question-answer 
period  and  open  dialogue  between  bidders  and  the  designer,  inspection 
crew,  and  operational  personnel  from  the  project.  The  designer  ex¬ 
plained  what  the  concrete  problem  was  and  what  this  repair  needed  to 
accomplish.  A  slide  show  was  given  showing  the  previous  year's  trials 
and  the  surface  cleaning  procedures.  Contractual  problems  experienced 
during  the  trials  were  discussed.  After  the  conference  a  tour  through 
the  lock  was  conducted.  Ten  contractors  attended  the  conference,  in¬ 
cluding  the  successful  low  bidder.  The  pre-bid  conference  was  probably 
one  of  the  reasons  for  the  success  of  the  job  and  the  lack  of  claims 
and  modifications. 

The  process  to  be  used  for  securing  a  contractor  was  not  clear- 
cut  at  first.  Because  of  the  highly  specialized  nature  of  the  job. 


5-4 


consi deration  was  given  to  negotiating  a  contract  with  a  qualified  and 
experienced  contractor.  Consideration  was  also  given  to  doing  the 
work  on  a  "time  and  materials"  basis.  It  was  finally  decided  that  the 
job  should  be  put  out  as  a  fixed-price  low-bid  contract.  There  are 
perhaps  5  to  10  contractors  in  the  United  States  that  would  be  able  to 
do  the  amount  of  spray-up  coating  required  on  this  job  with  skilled 
applicators.  Most  of  these  are  small  organizations  that  work  under 
controlled  plant  conditions  and  make  precast  panels.  They  would  need 
the  support  of  a  large  construction  contractor  to  organize,  mobilize, 
access,  and  manage  the  lock  repair  in  a  remote  site.  It  was  decided 
that  there  would  be  sufficient  qualified  contractors  or  joint-ventures 
to  get  competitive  bidding  if  the  standard  low-bid  process  were  used. 

The  method  of  measurement  and  payment  for  the  job  was  also  debated. 
Options  included  paying  for  man  hours,  equipment  rental,  and  materials; 
one  job  lump-sum;  and  paying  by  the  square  foot  for  surface  preparation 
and  satisfactory  coating.  Because  the  total  area  to  be  done  was  easily 
defined  and  the  mix  was  clearly  established,  it  was  decided  to  simply 
pay  for  mobilization  as  one  item  with  the  actual  work  as  the  only  other 
item.  Progress  payments  were  made  based  on  actual  invoice  records  for 
mobilization  costs  and  for  the  percentage  of  actual  areas  completed. 
Interim  payments  were  made  on  a  two-week  schedule. 

The  lump-sum  instead  of  unit-price  method  of  payment  had  distinct 
advantages  and  disadvantages.  It  greatly  simplified  record  keeping  and 
accounting.  However,  if  the  job  were  not  completed  in  the  very  tight 
construction  time  allowed,  the  value  of  the  completed  work  would  be 
difficult  to  establish.  In  actuality,  the  job  would  at  that  time  prob¬ 
ably  have  been  subject  to  claim  and  negotiations  anyway,  so  having  a 
unit-price  item  would  only  have  given  a  starting  point  for  the  arguing. 
Having  a  lump-sum  pay  item  had  a  psychological  advantage.  It  left 
no  doubt  that  the  intent  was  to  finish  the  entire  job  -  not  just  as 
many  square  feet  as  could  easily  be  done  -  and  that  the  amount  paid  was 
fixed. 
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Permission  from  higher  authority  was  required  to  specify  sole 
source  material  suppliers  for  the  fiber  glass  fiber  and  the  latex.  It 
was  easily  justified  based  on  (1)  the  fact  that  all  developmental  work 
and  testing  had  been  with  these  materials  and  there  was  a  possibility 
that  materials  from  another  source  would  not  be  successful  and  this 
did  not  allow  comparative  testing,  and  (2)  they  were  the  only  known 
sources  that  would  meet  the  "Buy  America  Act"  requirement. 

Permission  was  also  necessary  to  gain  relief  from  putting  the  job 
in  the  "Small  Business  Set-Aside"  category.  This  was  justifiable  in 
order  to  get  competitive  bidding  and  to  let  the  small  contractor  who 
had  the  spray-up  expertise  but  not  the  financing  or  organizational 

capability  do  the  work  as  a  subcontractor  to  a  reliable  large  prime  < 

contractor.  r 

i 

f 

The  Government  estimate  and  three  bids  were  as  follows:  > 


Surface  Preparation 

Mobi 1 ization  and  Coating  Total 

Government 
Bidder  1 
Bidder  2 
Bidder  3 


$145,600 

437,000 

419,000 

900,000 


$  885,000 

742,057 
933,000 
1,046,000 


$1,030,600 

1,179,057 

1,352,000 

1,946,000 


The  Government  estimate  was  originally  $937,000  total,  or  25.8  percent 
below  the  first  low  bidder.  A  review  of  the  estimate  found  errors 
which  increased  it  to  $1,030,600  or  well  within  25  percent  of  the  low 
bidder  which  was  a  criterion  for  award  of  the  contract. 


5-6 


CONSTRUCTION 


The  contractor,  Premier  Waterproofing  Company,  Denver,  Colorado, 
is  a  reputable  small  general  contractor  experienced  with  various  forms 
of  specialty  concrete  construction,  but  who  at  that  time  had  no  exper¬ 
ience  in  the  spray-up  process.  The  specifications  clearly  required 
various  degrees  of  experience  for  the  nozzlemen  and  actual  applicators. 
The  foremen  were  required  to  have  had  at  least  two  years'  experience 
with  shotcrete  and  at  least  two  of  the  nozzlemen  were  required  to  have 
served  at  least  six  months'  apprenticeship  with  the  same  type  of  equip¬ 
ment  used  on  the  job.  All  other  nozzlemen  were  required  to  have  had 
at  least  two  weeks'  of  "hands-on"  training.  Each  spray-up  crew  was 
required  to  demonstrate  their  ability  to  perform  satisfactorily  and  to 
apply  coatings  of  the  required  quality  by  placement. 

The  contractor  met  these  requirements  in  two  ways.  First,  he 
hired  all  available  experienced  spray-up  crews  from  two  companies  that 
specialize  in  this  work.  One  was  from  Maryland  and  the  other  was  from 
California.  Second,  he  set  up  a  training  center  in  a  warehouse  for 
his  own  personnel  and  had  them  practice  for  two  weeks  before  going  to 
the  jobsite.  During  this  training,  a  knowledgeable  factory  represent¬ 
ative  for  the  fiberglass  supplier  gave  "hands-on"  instruction  and  one 
of  the  experienced  crews  worked  with  the  new  crews  for  about  two  days. 
After  meeting  the  minimum  experience  requirements,  each  nozzleman  made 
a  sample  panel  from  which  test  coupons  were  cut.  These  were  examined 
visually  for  laminations,  porosity,  fiber  distribution,  and  appearance. 
They  were  then  measured  for  thickness  and  subjected  to  center  point 
flexural  testing.  The  panels  were  made  on  two  different  occasions  and 
tested  by  the  same  laboratory,  but  at  different  ages.  Results  were  as 
follows: 
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GROUP  1 


22  Panels,  44  Coupons,  2  days'  age  when  tested. 

Thickness:  Average  =  11/32-in. 

Range  =  1/4  to  1/2-in. 

Standard  deviation  =  1/16-in. 

Coefficient  of  variation  =  20% 

Flexural  Strength:  Average  =  4,910  psi 

Range  =  1,997  to  7,261  psi 
Standard  deviation  =  1,276  psi 
Coefficient  of  variation  =  26% 

Appearance:  Density,  fiber  distribution,  and  general 

appearance  ranged  from  fair  to  good. 


GROUP  2 


11  Panels,  22  Coupons,  5  days'  age  when  tested. 

Thickness:  Average  =  3/8-in. 

Range  =  1/4  to  9/16-in. 

Standard  deviation  =  1/8-in. 

Coefficient  of  variation  =  30% 

Flexural  Strength:  Average  =  6,491  psi 

Range  =  4,428  to  8,743  psi 
Standard  deviation  =  1,255  psi 
Coefficient  of  variation  =  19% 

Appearance:  Density,  fiber  distribution,  and  general 

appearance  ranged  from  good  to  excellent. 

The  mix  used  for  all  trials  was  the  same  as  specified  and  used 
throughout  the  contract  work.  It  was  identical  to  the  latex-modified 
glass-fiber-reinforced  sprayed-on  mortar  coating  used  in  the  field 
demonstrations  of  the  previous  year.  The  batch  weights  and  volumes 
were  as  follows: 


Item 

Weight,  Jb/cu  yd 

Approximate 
Volume,  ft3 

Water 

245 

4 

Cement 

1,720 

9 

Fibers 

117 

1 

Latex 

520 

7 

Fine  Aggregate  (SSD) 

860 

5 

W.R.A.  ,  oz 

75 

Air 

3.7% 

1 

~TTTt. 
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The  cement  used  was  portland  cement  Type  I  - 1 1 .  The  fibers  were 
single-strand,  multiple-filament,  al kal i-resistant  fiberglass.  The 
latex  contained  approximately  50  percent  solids  and  an  antifoaming  addi¬ 
tive.  The  fine  aggregate  was  presacked  sand.  The  water-reducing  agent 
met  the  applicable  requirements  of  ASTM  C  494. 

The  contract  allowed  the  use  of  Government-furnished  and  stock¬ 
piled  fine  concrete  sand  or  prepackaged  contractor-furni shed  manufac¬ 
tured  sand.  The  concrete  sand  had  a  better  particle-size  distribution 
and  in  the  trials  gave  the  best  results,  but  its  larger  particle  size 
made  it  possibly  more  susceptible  to  plugging  the  small  nozzle  aperture 
and  the  problems  of  handling  it  in  bulk  outweighed  the  minor  increase 
in  cost  for  the  contractor  to  supply  his  own  packaged  material.  The 
prepackaged  sand  also  eliminated  problems  with  variations  in  moisture 
content  and  grading  that  otherwise  could  be  expected  in  an  open  bulk 
stockpile.  Fine  aggregate  gradings  were  as  follows: 


Percent  Passing 


Sieve  Bulk 

9. 5-mm  ( 3/8-in. ) 

4.75-mm  (No.  4) 

2.36-mm  (No.  8) 

1.18-mm  (No.  16) 

600-um  (No.  30) 

300-um  (No.  50) 

150-um  (No.  100) 

75-um  (No.  200) 


Stockpile  Prepackaged 


100 

100 

99 

100 

88 

100 

63 

99 

36 

72 

19 

9 

9 

2 

0 
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One  week  before  the  lock  was  taken  out  of  service  for  the  actual 
repairs  the  contractor  was  required  to  go  through  a  full-scale  demon¬ 
stration  of  his  operation  during  a  24-h  lock  shutdown.  The  demon¬ 
stration  required  cleaning  and  coating  an  upper  lift  of  the  lock  wall. 
It  gave  the  contractor  and  crews  a  chance  to  find  out  ahead  of  time 
what  problems  might  be  encountered  during  the  actual  project  shutdown 
and  gave  them  time  to  react  to  the  day's  experience  before  getting 
into  the  three-week-outage  period. 

The  contractor  had  two  basic  approaches  that  could  be  used  to 
accomplish  the  work  during  the  three-week  outage.  Each  would  require 
"around  the  clock"  operations  to  finish  in  time.  He  could  either  work 
from  scaffolding  (built  up  from  the  bottom  or  suspended)  with  the  lock 
unwatered,  or  he  could  work  from  a  floating  barge.  The  first  alterna¬ 
tive  presented  major  problems  in  assembling  the  scaffold  quickly  and 
in  providing  a  mobile  platform  that  could  be  moved  as  the  work  area 
moved.  Scaffolding  the  entire  lock  was  simply  not  feasible. 

The  contractor  chose  to  work  from  a  floating  plant  consisting  of 
six  barges,  three  working  at  each  wall  and  lashed  together  end-to-end. 
The  barges  stretched  for  about  75  percent  of  the  length  of  the  lock. 
The  lashed  barges  were  braced  and  welded  side-by-side  so  that  they  all 
acted  as  one  unit.  At  the  start  of  the  lock  outage,  the  barges  were 
floated  into  the  lock  chamber  and  positioned.  The  lock  was  filled  and 
the  contractor  began  working  from  the  top  lift  down.  After  the  approx¬ 
imate  height  of  one  5- ft  lift  was  coated  from  end-to-end  on  each 
side,  the  lock  level  was  lowered  about  five  feet  and  the  next  lift  was 
coated.  A  major  drawback  to  this  system  was  a  delay  required  by  spec¬ 
ifications  of  eight  hours  between  when  the  water  was  lowered  below  an 
area  of  wall  and  when  that  area  could  be  coated.  This  time  was  selec¬ 
ted  as  a  safe  and  reasonable  period  which  would  allow  hydrostatic 
pressure  within  pores  of  the  concrete  to  stabilize  with  atmospheric 
conditions.  Without  this  stabilizing  time,  it  was  felt  that  the  coat¬ 
ing  could  be  applied,  but  that  hydrostatic  and  vapor  pressure  would 


5-10 


prevent  the  coating  from  tightly  bonding  to  the  base  concrete.  Another 
specification  restriction  required  that  the  surface  be  rinsed  of  any 
silt  or  contamination  from  the  lock  water  and  be  in  a  saturated  surface 
dry  or  drier  condition  at  the  time  the  coating  was  applied.  Because 
of  the  need  for  some  final  clean  up  and  surface  drying,  the  fact  that 
the  barge  had  about  5  ft  (one  lift)  of  freeboard,  and  the  fact 
that  the  contractor  could  not  coat  more  than  one  5-ft  lift  in 
eight  hours,  the  hydrostatic  pressure  stability  period  did  not  repre¬ 
sent  any  real  delay  to  the  construction  sequence. 

In  order  to  coat  the  wall  below  minimum  tailwater,  it  was  neces¬ 
sary  at  the  end  of  the  job  to  set  the  downstream  lock  chamber  bulkhead 
and  partially  unwater  the  lock  so  the  barge  floated  below  tailwater. 
This  procedure  worked  satisfactorily.  After  completion  of  the  spray- 
up  work,  the  water  level  was  kept  below  the  last  of  the  coating  until 
it  air  dried  for  36  h  as  required  by  the  specifications.  In  actu¬ 
ality,  the  contractor  finished  about  one  day  earlier  than  necessary 
and  the  coating  was  able  to  receive  a  little  bit  more  beneficial  drying 
before  being  innundated  by  reflooding  of  the  lock  chamber  to  full  tail- 
water  elevation.  As  discussed  earlier,  unlike  conventional  mortar,  in 
order  for  the  latex-modified  mixture  to  properly  work,  it  needs  to  go 
through  a  period  of  drying. 

On  the  barges,  the  contractor  had  storage  areas  for  the  cement, 
latex,  aggregate,  fibers,  and  admixture;  sanitation  facilities;  a 
quality  control  laboratory;  surface  preparation  equipment;  a  small 
repair  shop;  spare  equipment  and  parts;  and  four  independent  mixing, 
batching,  and  spray-up  stations.  Personnel  initially  got  on  and  off 
the  barge  by  access  ladder  at  shift  changes,  but  when  the  climb  became 
over  about  20  ft,  all  access  was  limited  to  man  skip  and  crane.  Near 
the  end  of  the  job  this  meant  about  a  125-ft  total  lift. 
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Each  spray-up  station  had  its  own  scales,  spray-up  gear  or  nozzle, 
mixer,  and  pump.  Each  station  was  also  manned  by  a  full  crew  consisting 
of  a  nozzleman,  mixer  man,  roller  man,  and  usually  a  helper.  As  de¬ 
scribed  earlier,  the  "spray-up"  process  sprays  a  wet  mortar  mixture 
pumped  to  the  nozzle  by  grout  pump  and  atomized  with  low-pressure  air 
at  the  nozzle.  While  the  mortar  is  sprayed  against  the  wall  surface, 
fiberglass  fibers  are  simultaneously  chopped  from  a  continuous  strand 
and  blown  into  the  mortar  spray  from  a  separate  cutter  head  attached  to 
the  nozzle.  The  material  is  applied  in  a  thickness  of  about  1/8  in. 
per  pass  and  must  be  lightly  rolled  with  what  looks  like  a  serrated 
paint  roller  between  successive  passes.  This  presses  the  glass  fiber 
into  intimate  contact  with  the  mortar.  A  mat  of  material  results  which 
is  heavily  reinforced  but  which  will  sag  or  fall  off  if  too  much  weight 
is  added  too  fast.  The  final  surface  could  be  troweled;  but  although 
this  makes  a  better  appearance,  it  was  unnecessary  and  if  overdone 
could  be  damaging. 

There  were  two  types  of  mixers  used,  a  conventional  agitator  with 
rubber  blades  and  a  high-shear  type.  The  high-shear  type  proved  to  be 
more  effective  as  it  could  mix  smaller  quantities  faster,  approximately 
one  cubic  foot  at  a  time.  However,  it  should  be  noted  that  overmixing 
with  the  shear  mixer,  especially  in  the  case  of  latex,  could  be  damaging 
and  must  be  avoided.  The  conventional  agitator  was  slow  and  occasionally 
would  hold  up  the  spray  crew  while  it  was  mixing.  It  could  mix  up  to 
4  ft'*  at  a  time. 

There  are  a  number  of  manufacturers  of  the  cutter  head  assembly. 

The  contractor  used  only  two  brands  of  equipment  on  this  job,  thereby 
minimizing  spare  parts  inventories. 

Because  there  was  often  some  last  minute  final  surface  cleanup 
that  needed  to  be  done  just  ahead  of  the  spray-up  work,  the  nozzlemen 
occasionally  had  to  wait  until  this  work  was  completed.  This  resulted 
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in  delay  not  only  because  of  waiting  for  the  cleanup,  but  because  during 
the  wait  the  mixture  would  thicken  in  the  nozzle  or  pump  lines  and  plug 
the  equipment.  It  could  take  anywhere  frcm  30  s  to  30  m  to  free  these 
plugs.  There  also  was  a  problem  with  spray  guns  plugging  between  shifts. 
It  was  found  that  the  most  efficient  way  to  minimize  this  problem  was  to 
keep  the  nozzle  open  and  continually  pumping  grout  even  if  this  meant 
recycling  fresh  groud  back  into  the  mixer  or  wasting  it. 

The  air  temperature  and  the  temperature  of  the  lock  wall  had  a 
bearing  on  the  amount  of  water  used  in  the  slurry  mixture.  The  roller- 
men  had  difficulty  in  keeping  the  fiber  concrete  from  sliding  off  the 
lock  wall  in  cool  weather.  The  ambient  temperature  ranged  between  37 
and  62°  Fahrenheit  during  the  lock  outage.  The  nozzleman  would  first 
make  a  pass  with  just  the  slurry  and  fiber.  He  would  then  make  two  or 
three  passes  with  the  slurry  and  fiber  to  obtain  a  3/8-in.  thickness. 
During  operation,  the  spray  gun  had  to  be  held  perpendicular  to  the  sur¬ 
face  to  obtain  a  uniform  mix  on  the  wall.  The  distance  the  gun  was  held 
from  the  wall  varied,  but  the  best  results  were  obtained  at  approximately 
two  feet.  In  between  each  pass  of  slurry  and  fiber,  the  surface  had  to 
be  rolled  until  there  were  no  loose  fibers  sticking  out. 

As  the  work  progressed  from  the  upper  lifts  which  had  less  dete¬ 
rioration  to  the  lower  lifts  with  substantial  deterioration,  the  length 
of  fiber  used  had  to  be  adjusted.  The  cutter  heads  were  designed  to 
chop  fibers  of  1-1/2-in.,  4-1/2-in.,  or  a  combination  of  1-1/2-  with 
3-in.  lengths.  The  longer  fibers  were  desired  because  of  their  believed 
tendency  to  give  greater  toughness  and  strain  capacity.  However,  where 
the  depth  of  relief  around  large  exposed  aggregate  was  about  1/2  in.  or 
more,  the  long  fibers  tended  to  bridge  across  adjacent  pieces  of  aggre¬ 
gate  leaving  an  air  void  over  the  relief  between  them.  Where  a  combina¬ 
tion  of  1-1/2-  with  3-in.  fibers  was  used,  this  problem  was  minimized. 
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Horizontal  joints  were  treated  by  simply  spraying  over  them  and 
treating  them  as  a  continuous  mass.  These  joints  have  no  known  move¬ 
ment  across  them  and  a^e  tight  construction  lift  joints.  They  did 
present  some  problem  because  they  had  a  3-in.  chamfer  into  which  the 
coating  had  to  be  sprayed  and  rolled.  There  was  a  tendency  for  the 
workmen  not  to  adequately  coat  or  roll  these  places. 

Vertical  joints  between  monoliths  were  known  to  have  relative 
movements  of  measurable  amounts.  Wherever  these  were  encountered,  the 
joint  was  ever-sprayed  from  one  side  to  the  other,  but  then  the  joint 
line  was  cut  through  the  coating  with  a  knife  while  it  was  still  wet. 
Some  joints  that  were  not  cut  with  the  knife  later  were  cut  with  a 
diamond  saw. 

QUALITY  CONTROL 

Quality  control  was  an  essential  and  continuous  task  both  from  the 
standnoint  of  production  and  in-place  quality.  If  the  high-quality  job 
required  was  not  achieved  during  application  and  surface  preparation, 
the  coating  could  be  expected  to  fail  and  the  project  would  have  been 
a  waste  of  time  and  money.  From  the  contractor's  standpoir'  he  did  not 
have  the  time  nor  latitude  to  go  back  and  repair  any  defective  materi¬ 
als,  nor  could  he  afford  to  have  anything  other  than  consistent  mixes 
of  the  correct  proportions  to  keep  the  equipment  operating  and  the 
nozzleman  working. 

Minimum  requirements  for  a  detailed  quality  control  program  were 
described  in  the  contract  documents.  Exhibit  5  of  this  reporf  contains 
that  information  as  it  appeared  in  the  contract.  The  quality  control 
program  as  it  was  actually  carried  out  is  described  below.  The  con¬ 
tractor  approached  Quality  Control  (Q.C.)  with  a  good  attitude.  He 
hired  a  highly  qualified  consulting  materials  engineer  to  head  up  the 
program  full  time  and  acquired  the  services  of  a  private  Q.C.  testing 
firm  to  provide  support  personnel.  A  Q.C.  engineer  was  on  the  job  and 
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working  full  time  during  every  minute  of  every  shift  of  placement.  In 
reality  the  best  control  of  mix  quality  turned  out  to  be  the  practical 
aspect  that  if  the  mix  was  too  wet  it  would  slough  off  of  the  wall, 
and  if  it  was  too  thick  it  would  plug  up  the  equipment.  It  had  to  stay 
within  very  close  tolerance  to  go  through  the  equipment  and  stay  on  the 
wall  at  3/8-in.  thickness. 

The  testing  and  monitoring  program  as  it  was  actually  performed 
consisted  of  the  following: 

1.  Although  surface  preparation  was  probably  the  most  important 
part  of  the  job,  it  was  the  area  where  Government  inspectors  thought 
the  contractor's  quality  control  organization  exercised  tht  least  con¬ 
trol.  Fortunately  the  Government  had  a  shift  supervisor  and  at  least 
one  inspector  performing  quality  assurance  checks  at  all  times  through¬ 
out  the  entire  job  so  overlooked  areas  of  inadequate  surface  cleaning 
were  caught. 

2.  A  sieve  analysis  of  the  sand  was  performed  every  shift. 

Moisture  contents  were  checked  occasionally  and  ranged  from  0.0.  to 
0.5  .  If  bulk  or  open  stockpiles  of  aggregate  were  used,  gradation 

and  moisture  tests  would  have  been  more  important  and  required  more 
frequent  tests.  However,  the  prepackaged  commercial  bags  of  manufac¬ 
tured  aggregate  were  tightly  controlled  the  bag  plant  by  the  manu¬ 
facturer  so  the  frequency  of  testing  on  the  jobsite  could  be  relaxed. 

3.  Batch  sizes  of  the  mixtures  remained  constant  throughout  the  job 

so  that  only  one  weight  or  volume  of  each  material  was  ever  used  per 
batch  with  the  possible  exception  of  slight  moisture  content  variations 
as  required  by  quality  control  and  quality  assurance  personnel  to 
account  for  temperature  changes  and  humidity.  The  sand  and  cement  was 
batched  by  even  bag  counts.  Admixture  was  measured  to  the  same  mark 
in  the  same  beaker  for  each  batch.  A  mark  was  placed  in  the  water  and 
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latex  buckets  to  show  what  volume  corresponded  to  the  correct  batch 
weight  as  checked  on  the  scales. 


4.  Air  content  of  the  slurry  mixture  was  determined  by  the  pres¬ 
sure  method  (ASTM:  C  231).  The  percentage  of  air  ranged  between  3.6 
and  8.6%,  and  averaged  6.0%.  It  was  checked  several  times  a  day. 

5.  The  fiber  length  ranged  between  1-1/4  and  5-1/4  in.  A  1-1/2-in. 
and  3-in.  combination  was  desired  over  much  of  the  job  with  some  areas 
calling  for  only  4-in.  lengths.  Fiber  lengths  were  continually  moni¬ 
tored  and  adjusted  when  necessary. 

6.  Flow  and  workability  tests  were  carried  out  by  the  nozzlemen 
using  a  specialized  cylindrical  "flow  cone"  test  developed  for  this  pur¬ 
pose.  As  stated  before,  a  slight  variation  in  the  mix  consistency  would 
mean  that  it  would  either  fall  off  the  wall  or  plug  up  the  equipment. 

7.  The  amount  of  rebound  ranged  between  0.4  and  4.1%  and  averaged 
2.4%.  This  approximation  was  based  on  visual  and  weight  measures.  The 
amount  of  rebound  depended  mostly  on  the  nozzleman.  The  rebound  percent¬ 
age  does  not  reflect  the  total  amount  of  waste  due  to  over-shooting,  etc. 
The  actual  amount  of  waste  was  more  than  expected.  The  contractor  began 
to  run  short  of  materials  before  the  end  of  the  job  and  had  to  air¬ 
freight  additional  supplies  to  the  site. 

8.  "As  shot  from  the  nozzle"  mixture  proportions  of  the  fiber  and 
slurry  combination  were  checked  every  shift.  One  method  used  was  to  run 
the  spray  gun  for  a  given  period  of  time  collecting  the  fiber  and  slurry 
separately.  They  were  then  weighed  to  determine  the  percentage  of  fiber. 

A  second  method  was  performed  by  obtaining  a  sample  of  the  fibrous  coat¬ 
ing  from  the  wall  while  it  was  still  wet.  The  fiber  and  slurry  were 
washed  out  separately  and  weighed.  The  latex  had  a  tendency  to  stick  to 
the  fibers  and  could  not  be  washed  off  completely;  however,  both  tests 
were  comparable.  These  tests  were  run  on  a  continuous  basis. 
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9.  Ambient  temperatures  ranged  between  37°  F  in  the  early  morning 
and  62°  F  during  the  day.  It  was  checked  for  high  and  low  during  each 
day. 

10.  Two  24-in. -square  test  panels  were  made  against  plywood  sheets 
for  each  monolith.  Later  record  tests  and  historical  data  were  obtained 
from  these  panels.  The  test  panels  are  considered  to  be  a  good  repre¬ 
sentation  of  the  work  done.  They  represent  both  the  actual  material 
used  and  workmanship  of  the  various  nozzlemen,  and  were  made  under  actual 
placing  conditions.  Exhibit  6  contains  results  to  date  of  these  tests. 
Additional  testing,  including  quality  and  strength  after  storage  in  a 
damp  environment  for  a  year,  will  be  made. 

11.  The  final  in-place  thickness  varied  between  5/16  and  5/8  in. 
and  averaged  3/8  in.  In  areas  where  3-in.  aggregate  was  visible  on  the 
lock  wall,  the  thickness  over  the  outside  of  the  3-in.  cobbles  was  less 
than  3/8  in.,  but  between  the  aggregate  particles  it  was  more  than 

3/8  in.  Since  the  protection  is  really  needed  over  the  mortar  between 
the  aggregate,  this  was  considered  acceptable.  Thickness  was  continu¬ 
ously  checked  by  stabbing  the  wet  mix  with  a  nail  used  as  a  depth  gage. 

ADMINISTRATION 

Close  cooperation  among  engineering,  construction,  and  operations 
personnel  of  the  Corps  was  essential.  In  addition  to  the  "constructabi 1- 
ity  review,"  several  in-house  meetings  were  held  during  development  and 
planning.  The  design  engineer  attended  the  contractor's  pre-work  con¬ 
ference  and  visited  the  contractor's  home  office  during  training  of  his 
applicators.  An  extensive  written  discussion  of  "Engineering  Considera¬ 
tions  for  Field  Personnel"  was  prepared  by  the  designer  for  construction 
personnel,  and  a  meeting  to  discuss  all  engineering  aspects  of  the  job 
was  held  with  the  inspectors.  When  qualification  panels  were  made,  the 
designer  worked  side-by-side  with  the  contractor's  nozzlemen  and  made  a 
test  panel  of  his  own  right  along  with  them  -  fortunately,  it  turned  out 


very  well.  This  did  a  lot  for  morale,  giving  the  workers  a  close  feeling 
of  responsibility  and  importance  of  the  job.  During  visits  to  the  con¬ 
tractor's  training  facilities,  video  tapes  were  made  and  brought  back  for 
study  by  other  district  personnel.  To  help  the  contractor,  especially 
because  he  was  a  smaller  contractor  and  pay  estimates  were  very  high, 
they  were  made  every  two  weeks. 

During  construction,  an  experienced  shift  supervisor  from  the 
Corps'  Construction  Division  (GS-11  or  12}  was  in  charge  of  contract 
administration  in  the  field  for  each  shift.  They  were  assisted  by  in¬ 
spectors  from  Engineering  Division,  Construction  Division,  a  Resident 
Engineer's  office,  and  the  "Engineer-in-Training"  Program  for  recent 
college  graduates.  Inspector  personnel  overlapped  shifts.  The  project 
designer  made  frequent  visits  to  the  jobsite  and  observed  operations 
during  each  shift. 

A  detailed  critical  path  method  (CPM)  diagram  was  required  from 
the  contractor  and  carefully  reviewed  by  the  Government.  Also  required 
were  a  safety  plan,  hazard  analysis,  and  a  plan  of  operations  showing 
interaction  between  the  contractor  and  Government  crews  operating  in  the 
lock  area  at  the  same  time.  The  contractor  avoided  potential  subcontract 
administration  problems  and  paperwork  by  hiring  on  his  own  payroll  per¬ 
sonnel  from  other  companies  who  worked  with  him.  This  way,  all  employees 
and  work  were  always  under  his  direct  control.  During  construction,  the 
contractor  kept  "up  to  the  minute"  progress  records  in  his  field  office. 
Also,  during  the  critical  three-week  outage,  company  officers,  including 
the  president,  moved  to  the  jobsite  from  their  home  office  and  became 
intimately  involved  with  the  entire  operation. 

This  approach  to  running  the  job  by  Government  and  contractor  per¬ 
sonnel  took  much  effort,  planning,  and  overtime,  but  it  paid  off.  The 
contractor  proudly  admits  to  a  substantial  profit  which  was  well  deserved. 
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The  job  was  completed  on  time  with  no  accidents,  no  claims,  and  no  modi¬ 
fications.  There  was  no  unscheduled  delay  to  navigation  traffic.  The 
Corps  is  very  satisfied  with  the  quality  of  the  work. 

COST 


An  abstract  of  bids  is  given  in  subsection  "Bidding  Documents"  of 
this  report.  The  total  actual  contract  cost  was  $1,179,057.  Of  this 
$437,000  was  for  mobilization,  demobilization,  and  for  access  to  the  re¬ 
mote  site.  Of  the  remaining  $742,057,  it  is  estimated  that  about 

2 

$150,000  or  $1. 00/ft  covers  the  cost  of  materials  used  in  the  coating, 

2  2 
$2. 20/ft  covers  the  cost  of  applying  the  coating,  and  about  $1. 60/ft 

covers  the  cost  of  surface  preparation. 

OUTSIDE  INTEREST  AND  POTENTIAL  USES 

There  has  been  substantial  outside  interest  in  this  project  by 
Corps  and  private  organi zations .  During  construction,  there  were  many 
visitors  from  various  Corps'  districts,  divisions,  and  laboratories. 

Since  completion  of  the  repairs,  there  have  been  many  requests  for  in¬ 
formation  about  the  project  and  many  inquiries  concerning  its  applicabil¬ 
ity  to  other  deteriorated  locks,  etc. 

The  Corps  has  many  other  deteriorating  locks  which  might  be  re¬ 
paired  much  more  rapidly  and  economically  with  the  spray-up  method,  as¬ 
suming  this  method  demonstrates  satisfactory  durability  during  future 
exposure.  Where  areas  of  severe  spalling  or  deterioration  need  patch¬ 
ing,  this  could  first  be  done  with  conventional  shotcrete,  dry  pack, 
anchored  concrete  pourbacks,  or  epoxy.  The  system  has  other  potential 
applications  for  lining  eroded  conduits,  providing  protection  from  sea 
water,  lining  lagoons,  spillway  face  aprons,  etc.  Each  potential  appli¬ 
cation  must  be  critically  evaluated  with  the  understanding  that  this  sys¬ 
tem  may  work  in  some  cases,  but  might  not  be  the  best  solution  for  what 
might  seem  like  similar  conditions  in  other  cases. 
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SECTION  VI  -  PERFORMANCE 


At  the  time  of  this  writing,  the  lock  has  been  in  service  for  six 
months  since  repairs  were  completed,  so  an  evaluation  of  actual  long¬ 
term  performance  cannot  yet  be  made.  However,  the  previous  year's  trial 
coating  did  go  through  a  winter  and  performed  well  where  the  base  sur¬ 
face  was  properly  prepared  beforehand.  Laboratory  tests  of  freezing  and 
thawing  show  that  essentially  no  damage  should  occur  and  other  testing 
indicates  that  the  coating  will  prevent  the  base  concrete  from  becoming 
critically  saturated.  About  two  days  after  the  last  of  the  repair  coat¬ 
ing  was  placed,  the  lock  was  put  back  into  service  and  subjected  to  fre¬ 
quent  lockages  with  substantial  impact  of  barges  banging  against  the 
wall  and  scraping  it.  There  was  no  failure.  Photographs  on  Plate  8  5 

show  where  some  of  this  rubbing  occurred  and  that  the  coating  remains 
intact,  even  where  it  abruptly  juts  out  from  places  like  at  the  armor 
steel  around  the  ladder  recesses. 

2 

After  about  four  months  of  service,  an  area  about  5  ft  broke 
loose,  but  this  is  over  one  of  the  previous  trial  coatings  of  a  differ¬ 
ent  mix  that  had  been  placed  in  the  preceding  year.  The  failure  is  in 
the  old  trial  material,  not  in  the  spray-up  coating. 

2 

It  would  be  too  optimistic  to  hope  that  out  of  150,000  ft  of  area 

there  will  be  no  failure  with  time.  From  just  a  practical  construction 

standpoint,  it  would  be  reasonable  to  assume  that  somewhere  in  all  that 

area  the  mix  was  not  quite  right  or  the  surface  did  not  get  adequately 

cleaned.  If  the  job  were  99  percent  effective,  there  would  be  allowance 
2 

for  1,500  ft  of  area  to  fail.  Performance,  though,  is  expected  to  be 
much  better.  Fortunately,  one  major  advantage  of  the  coating  is  that 
any  small  failed  areas  can  be  repaired  rather  easily  and  quickly  with 
operations'  personnel  by  mixing  up  a  latex  mortar  slurry,  adding  the 
fibers  directly  into  the  mixture,  and  hand  plastering  it  onto  the  wall. 
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Another  approach  to  evaluation  of  the  repair  is  that  even  if  it 
had  to  be  redone  every  five  or  ten  years,  the  savings  in  time  and  money 
over  conventional  repairs  still  make  it  a  preferred  method.  However, 
it  is  thought  that  the  repairs  will  be  permanent  and  this  will  not  be 


necessary. 


EXHIBIT  1 


CLIMATOLOGICAL  AND  LOCK  USAGE  DATA 


Item  Description 

1  Monthly  Temperature  Data 

2  Freeze-Thaw  Cycles  Based 

on  Daily  Ambient  Tempera¬ 
ture  Changes 

3  Commercial  Lockages 


MONTHLY  TEMPERATURE 

DATA,  °| 

Average 

Highest 

1971 

Lowest 

39 

64 

17 

41 

64 

22 

43 

65 

20 

51 

75 

33 

62 

90 

41 

63 

97 

46 

77 

108 

48 

81 

108 

53 

63 

91 

42 

54 

85 

22 

44 

58 

27 

36 

55 

16 

33 

54 

1973 

5 

40 

64 

25 

48 

67 

31 

54 

78 

33 

63 

98 

41 

68 

104 

47 

78 

106 

51 

76 

107 

52 

67 

98 

48 

55 

74 

35 

42 

62 

30 

42 

57 

21 
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Month 
January 
February 
March 
Apri  1 
May 
June 
July 
August 
September 
October 
November 
December 


January 

February 

March 

Apri  1 

May 

June 

July 

August 

September 

October 

November 

December 


MONTHLY  TEMPERATURE  DATA  (Continued) 


1975 


Average 

Highest 

Lowest 

Month 

35 

57 

12 

January 

36 

57 

18 

February 

44 

61 

27 

March 

48 

69 

30 

Apri  1 

59 

86 

39 

May 

65 

93 

46 

June 

77 

111 

55 

July 

71 

97 

51 

August 

69 

94 

48 

September 

-- 

-- 

— 

October 

43 

73 

18 

November 

1977 

December 

— 

January 

42 

70 

25 

February 

45 

70 

28 

March 

55 

91 

31 

Apri  1 

58 

80 

38 

May 

73 

97 

35 

June 

74 

98 

42 

July 

79 

107 

52 

August 

64 

88 

44 

September 

54 

79 

35 

October 

42 

67 

13 

November 

38 

61 

15 

December 
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CYCLES  OF  FREEZING  AND  THAWING 


Based  on  Dai ly  Ambient  Air  Temperature  Changes 


1971  1973  1975 


1977  1979 


Month 


11 

15 

17 

16 

3 

15 

18 

15 

16 

13 

14 

2 

11 

3 

7 

0 

0 

3 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

7 

9 

9 

10 

23 

18 

5 

16 

19 

17 

January 

February 

March 

Apri  1 

May 

June 

July 

August 

September 

October 

November 

December 


68  49  71 


64  65 


TOTAL 
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COMMERCIAL  LOCKAGES 


Monthl ' 


Number  of  1979 
Commercial  Lockages 


January 

64 

February 

62 

March 

53 

April 

125 

May 

179 

June 

156 

July 

157 

August 

156 

September 

94 

October 

85 

November 

85 

December 

83 
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EXHIBIT  2 


REPORT  OF  TESTS  ON  ORIGINAL  CONCRETE  TAKEN  FROM  THE  LOCK  WALL 


Item 

1 

2 

3 

4 


Description 


NPDEN-GS-L  Letter  and  Laboratory 
Report  dated  29  August  1975. 


Strength,  Modulus  of  Elasticity, 
and  Freeze/Thaw  Durability  for 
the  Original  Lock  Wall  Concrete 


Graphs  of  Dynamic  Modulus  vs. 
Freeze/Thaw  Cycles  for  the 
Original  Lock  Wall  Concrete 


Report  of  After-Test  Examination 
of  Freeze/Thaw  Beams  Saved  from 
Navigation  Lock  Repair  Concrete 
Debris 


i 


AOOtti  SSKkPlY  TO 
D'ftr  c  tor 

l**OT  TO  INDIVIDUALS. 


U  S  ARMY  ENG.INFtR  DIVISION  NORTH  PACIFIC 
CORPS  OF  ENGINEERS 

noht  H  PACIFIC  ni  VIS  ion  MATERIALS  laboratory 

RT  2  BOX  1 2 A 

TPOUTOALE  OREGON  B7060 


NPDEN-GS-L  (75- C- 797)  29  August  1975 

SUBJECT:  Navigation  Lock  Repair,  Lower  Monumental  Dam,  Report  of  Tests 

on  Concrete  Debris,  Contract  DACW  68-75-C-0113 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference  your  DA  Form  2544  request  No,  E-86-7S-0128  daLed 
25  April  1975. 

2.  Attached  is  report  of  tests  on  two  samples  of  concrete  debris 

(LM  No.-  1  &  2)  taken  from  the  Lower  Monumental  Navigation  Lock  repair 
site  5  March  1975.  (Received  7  Mar  75).  Included  are: 

a.  Inclosure  1,  Summary  of  Tests  on  Concrete  Debris  including 
compressive  strength,  tensile  strength,  modulus  of  elasticity  and  freeze- 
thaw. 

b.  Inclosure  2,  NPD  Form  361  "Resistance  of  Concrete  Beams  to 
Accelerated  Freezing  and  Thawing". 

c.  Inclosure  3,  Report  of  After  Test  Examination  of  Freeze-Thaw 
Beams . 

d.  Inclosure  4,  Plates  I,  II,  III,  A  IV, 

(1)  Plates  I  &  II,  photograph  of  samples  as  received. 

(2)  Plates  III,  IV,  photograph  of  freeze-thaw  beams  after  Lest. 

3.  Freeze-thaw  beams’were  sawn  from  concrete  chunks  by  diamond  saw  to 
have  one  formed  concrete  face  and  three  sawn  faces.  During  sawing  and 
coring  of  specimens  it  was  found  much  of  the  debris  had  internal  cracks 
reducing  the  number  and  size  of  specimens  available.  Five  nominal  3x4x14- 
i nch  beams  were  obtained  from  sample  LM- 1  and  one  from  sample  LM-2. 

Tensile  splitting  and  compressive  strength  tests  were  made  on  4x8  and  2x4- 
inch  cores  respectively  drilled  with  diamond  bits  from  the  remnant:,  of  i he 
concrete  debris.  Modulus  of  elasticity  was  measured  on  the  2x4-inch  cores 
by  surface  mounted  SR  4  wire  strain  gages. 
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NPDEN-GS-L  (75-C-797)  29  August  1975 

SUBJECT:  Navigation  Lock  Repair,  Lower  Monumental  Dam,  Report  of  Tests 
on  Concrete  Debris,  Contract  DACW  68-75-C-0113 


Visual  inspection  of  the  debris  indicated  sample  LM-1  contained  3"  MSA 
and  sample  IM-2  1 V  MSA. 

4.  Analysis  of  the  freeze-thaw  beams  during  and  after  test  indicated 
the  formed  face  concrete  was  of  poor  quality.  Formed  surfaces  had 
suffered  severe  mortar  losses  by  55  cycles  of  freeze-thaw  exposure  and 
were  completely  destroyed  by  300  cycles  of  freeze-thaw.  The  interior 
concrete  (sawn  faces)  was  generally  of  better  quality  with  light  to 
medium  mortar  losses.  (Incl.  2  &  3) 


5.  This  completes  all  work  requested 


Incl 

as 


£_ 

r."B0RGE 
Director 
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NPDEN-GS-L  (75-C-797) 


29  August  1975 


LOWER  MONUMENTAL  DAM 

Report  of  After  Test  Examination  of  Freeze-Thaw  Beams  Sawn  from  Navigation 
Lock  Repair  Concrete  Debris 

1 .  Samples  &  Tests 

Six  nominal  3x4x14- inch  beams  were  sawn  from  two  samples  of  Lower  Monumental 
navigation  lock  repair  concrete  debris,  five  beams  from  sample  LM- 1  and  one 
beam  from  sample  LM-2.  The  beams  were  subjected  to  accelerated  freezing  and 
thawing  and  tested  in  accordance  with  CRD-C-20.  Beams  were  selected  and 
sawn  to  have  one  formed  face  and  three  sawn  faces  each.  Beams  No.  LM  1-1, 

2,  3  and  5  appeared  to  contain  3"  MSA  and  beams  No.  LM  1-4  and  LM  2-1,  11" 
MSA.  Following  are  detailed  test  results: 


Sample 

No. 

Rel.  Ejqq 

Rel.  E  =  50 

Wt  . 

Depth  of 

Erosion 

&  Beam 

MSA 

Cycles 

of  each 

of  each 

Loss 

of  Beam 

Faces  i n  . 

No  . 

in . 

Tested 

Beam 

Beam 

% 

Formed 

Sawn 

LM  1-1 

3 

132 

17.8 

107 

6.8 

0.5 

0. 1-0 .2 

2 

3 

306 

82  .9 

8.0 

0.75 

0.1-0. 2 

3 

3 

306 

74.0 

7.9 

0.65 

0.1-0  .2 

4 

l!» 

306 

52.2 

9.0 

0.3 

0.3 

5 

3 

306 

64.7 

7.2 

0.5 

0.1-0. 2 

Average 

58.3 

7.7 

0.53 

0.1-0. 3 

LM  2-1 

U 

78 

4.2 

25 

1.2 

0. 1-0.2 

0.1-0. 2 

2 .  Examination  of  Beams 

The  concrete  of  beams  No.  LM  1-1,  2,  3  and  5  was  of  varible  quality.  The 
formed  faces  (exterior  surfaces)  had  heavy  mortar  losses  and  the  original 
contours  were  completely  destroyed.  The  sawn  faces  (interior  surfaces)  had 
light  to  medium  mortar  losses  and  the  original  contours  were  rounded  to  sub¬ 
rounded.  The  mortar  ranged  from  soft  to  firm  on  the  formed  faces  and  was 
firm  on  the  sawn  faces.  Mortar-coarse  aggregate  bond  was  good.  The  coarse 
aggregate  was  generally  sound  with  one  to  two  soft  particles  noted  per  beam. 
Two  to  three  spalls  ranging  up  to  two  inches  in  diameter  and  one  inch  in 
depth  were  also  noted  on  each  beam. 

Beams  No.  LM  1-4  and  LM  2-1  did  not  show  much  difference  between  the  formed 
and  sawn  faces  as  did  No.  LM  1-2,  3  &  5.  Mortar  losses  ranged  from  light  to 
medium  and  the  original  contours  were  rounded  to  suhrounded.  Mortar  was 
generally  firm  with  some  soft  areas  and  mortar  to  coarse  aggregate  bond  was 
good.  Beam  No.  LM  2-1  broke  in  half  in  55  to  78  cycles  and  was  removed  from 
test  at  78  cycles. 

General  physical  quality  of  these  two  beams  was  poor. 
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NPDEN-GS-L  (75-C-797)  29  August  1975 

The  depth  of  penetration  of  destructive  freeze-thaw  action  is  illustrated 
by  the  dark  wet  edges  of  the  sawed  sections  in  the  accompanying  photo¬ 
graphs.  The  1/2-inch  thick  slices  were  sawn  from  third  points  of  the 
beams,  air-dried,  placed  in  1/4-inch  deep  water  for  15  minutes  and  photo¬ 
graphed  . 

The  beams  would  be  rated  poor  to  excellent  according  to  EM-1110-2-2000 
"Standard  Practice  for  Concrete",  page  2-11,  paragraph  4. 
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EXHIBIT  3 


INVESTIGATIONS  OF  ORIGINAL  CONCRETE  IN  THE  LOCK 


Item 


1 


2 


3 


4 


5 


Description 

NPDEN-GS-L  Letter  Dated  18  May  1978 
Containing  Entrained  and  Entrapped 
Air  Contents  for  Original  Lock  Wall 
Concrete  and  for  Remade  Mixes 

Report  of  Durability  Tests  on  Mables 
Pit  Aggregate  Concretes  (Original 
Construction  Aggregates) 

Graphs  of  Dynamic  Modulus  vs.  Freeze/ 
Thaw  Cycles  for  Mables  Pit  Aggregate 
Concretes  (Original  Construction 
Aggregates) 

Narrative  Discussion  and  Data  for 
Mables  Pit  Aggregate  Concretes 
(Original  Construction  Aggregates) 

Petrographic  Report  for  Mables  Pit 
Aggregate  Concretes  (Original 
Construction  Aggregates) 


DEPARTMENT  OF  THE  ARMY 

NORTH  PACIFIC  DIVISION.  CORPS  OF  ENGINEERS 
P.0.  BOX  2870 
PORTLAND.  OREGON  97208 


NPDEN-CS-L  (77-C-5)  18  May  1978 

SUBJECT:  Lower  Monumental  Navigation  Lock  Chamber  Concrete 

Durability  Studies 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference: 

a.  Your  DA  lorn  2594  request  No.  E86-96-0016  dated  14 
Ju  ly  1  9  76  . 

b.  Telcons  5  October,  9,  14,  and  23  November  1977  with 

Messrs.  Houghton,  NPDEN-GS  and  Schrader,  NPWEN-FM  In  which 
air  content  tests  by  the  microscopical  method  on  samples  of 
concrete  debris  from  the  Lower  Monumental  Navigation  Lock 
Chamber  (rec'd  8  and  25  Nov  77)  were  requested. 

c.  Telcon  9  November  1977  in  which  your  Mr.  Schrader 
confirmed  the  transmittal  of  stockpiled  natural  aand  and  gra¬ 
vel  from  Mabels  Pit,  Snake  River,  WA  (rec'd  8  Nov  77). 

d.  Telcon  24  January  1978  In  which  Mr.  Houghton  was 
given  results  of  air  content  tests  on  the  first  samples  of 
concrete  debris. 

e.  DF  dated  2  February  1978  from  Mr.  Houghton  to  NPDEN- 
CS-L  requesting  slump  loss  and  freeze-thaw  tests  be  made  on 
3*  MSA  concrete  batched  with  Mables  Pit  sand  and  Mathews 
Terrace  coarse  aggregate. 

f.  Telcon  6  February  1978  with  Mr.  Houghton  vhereln  it 
was  agreed  that: 

(1)  Volcanic  cinders  pozzoland  would  be  used  In  lieu  of 
calcined  shale. 

(2)  The  standard  laboratory  mix  sequence  would  be  used. 

2.  The  purpose  of  this  study  was  to  Investigate  two  possible 
causes  for  the  low  entrained  air  content  found  In  the  lock 
chamber  concrete. 


EXHIBIT  3 
I  tern  1 
Page  1  of  5 


NPDEN-CS-L  (77-C-5) 

SUBJECT:  Lower  Monumental  Concrete  Durability  Studies 

Parameters  studied  Included: 

a.  Effect  of  slump  loss  on  air  content. 

b.  Effect  of  additional  consolidation  effort  required 
due  to  slump  loss  on  air  content,  freeze-thaw  durability  and 
compressive  strength. 

c.  Effect  of  mixer  grinding  with  3-ln  MSA  aggregate  on 
the  release  of  son t mo r 1 1 1  on  1 1 e  clay  from  the  sand  with 
possible  subsequent  effect  on  the  size  or  distribution  of  the 
air-void  system. 

3.  Attached  with  results  complete  to  date  Is  report  of  air 
content  and  durability  studies  made  on  concrete  debris  and 
recently  cast  concrete  batched  with  Mabels  Pit  sand  and 
Mathews  Terrace  coarse  aggregate.  Included  are: 

a.  Incl  1,  Summary  Report  of  Durability  Tests. 

b.  Incl  2a-c,  NPD  Form  361,  Graphical  Report  of 
"Resistance  of  Concrete  Beams  to  Accelerated  Freezing  and 
Thawing"  for  the  three  sets  of  beams  teated. 

c.  Incl  3,  Report  of  After-Test  Examination  of 
Accelerated  Freeze-Thaw  Beams. 

d.  Incl  Aa-b,  Photographs  of  Slices  sswn  from  selected 
freeze-thaw  beams  after  teat. 

e.  Incl  3,  Report  of  Petrographic  Examination  of  Mabels 
Pit  sand . 

f.  Incl  6,  NPD  Form  359,  Report  of  Concrete  Mixture 
Design  for  the  3"  MSA  mixture  used  In  these  studies. 

g.  Incl  7,  ENG  Form  6008-R  "Report  of  Test  of  Portland 
Cement"  for  the  stock  of  lab-blend  cement  batched  in  the 
concrete  mixes. 

h.  Incl  8,  ENG  Form  6000-R  "Report  of  Tests  on 
Pozzolan  "  for  the  Sun  brand  ground  volcanic  cinder  porzolan 
batched  In  the  concrete  mixes. 

A.  Approximately  6A  sq  in  x  1  inch  thick  slabs  were  sawn 
from  two  samples  of  3"  MSA  concrete  debris  sampled  at  the 
Lower  Monumental  Navigation  Lock.  Slabs  were  forwarded  to 
the  Waterways  Experiment  Station  for  determination  of  the  air 
content  by  the  modified  point  count  method  "CRD-C  42—7 1 " 


2. 
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Nl’DKN-CS-L  (  7  7  -  C  -  5  ) 

SUBJECT  Lower  Monumertal  Concrete  Durability  Studlea 


Microscopical  Determination  of  the  Air-Void  Content  in 
Hardened  Concrete.  Additional  teats  were  made  on  alaba  sawn 
from  representative  freeze-thaw  beams  recently  caat  from  3" 
MSA  laboratory  mixed  concrete.  Reaulta  of  the  teats  on  the 
debris  and  recently  cast  concrate  are  aa  follows: 


NPDPL 

N  o  . 

Loc  a  t  1  on  Aj 

Z 

rr  tcr  a  t  e 

Z 

Paste 

Z 

Entrained 

Air 

Z 

Entrapped 

Air 

Z 

Total 
A 1  r 

3  1  3 

Sawn  1  " 
from  Sur¬ 
face  of 

Life  No.  25 

76.3 

22.0 

1.2 

0.5 

1  .  7 

3  2  5 

From  Lock 
Chamber 
Rubble  pile 
0  Base  of 

Na  v  Lock 

76.2 

20.5 

2.9 

0.4 

3.3 

386-9  3  ■'  MSA  *  |  60.3 

Recently 
Cast  Fit 
Beams- 
Cast  With¬ 
out  Delay 

386-18  3"  MSA  •  (57.4 

Recently  ‘ 

Cast  Fit 
Beams  . 

30  Min. 

Delay 

*  WCT  SCREEN  to  minus  3/4"  fraction  of  mixture. 

5.  Tests  were  made  on  three  batches  of  3’  MSA  concrete 
batched  with  Mables  pit  sand  and  Mathews  Terrace  aggregate,  a 
laboratory  blend  of  three  Type  II  cements,  of  volcanic  cinder 
pouolin  and  neutralized  vlosol  resin  air  entraining  agent. 
The  quantity  of  pozzolon  used  was  based  on  a  20Z  replacement 
of  Portland  Cement  by  absolute  volume.  Project  mix  design 
No.  3-5.25P-2B  was  selected  for  this  study;  however,  the  mix¬ 
ture  required  re p r o por 1 1  on  log  to  an  equivalent  cement  content 
of  4.94  cwt/cu  yd  to  meet  design  slump  and  air  requirements. 
The  equivalent  water  cement  ration  was  maintained  at  0.44 
(  W  /  C  +  P  -  0.45).  The  mixture  was  designed  for  5.0Z  entrained 
air  and  2  ty2  Inches  slump  on  the  minus  1 1/2  "  fraction.  The  air 
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content  of  the  3"  and  +  3/4"  concrete  fractions  were  4.0  and 
b . 1 X  respectively.  Mixing  and  plastic  concrete  testing  pro¬ 
cedures  were  as  follows: 


a.  Batch  all  Ingredients; 


b. 

Mix 

three  minutes; 

c  • 

Rest 

three  minutes; 

d  . 

Mix 

two  minutes  and 

discharge 

e  a 

Wet 

screen  to  minus 

1 l/2  "  ; 

f.  Spilt  concrete  Into  two  equal  samples; 

g.  Make  air  content  slump  test  and  cast  6  x  12-ln 
cylinders  and  3ty2  x  4 1/2  x  16-ln  freeze-thaw  beams  from  one 
sample  leaving  second  sample  undisturbed; 

h .  Walt  30  minutes  and 

1.  without  agitating  or  remixing  repeat  steps  g  and  h  on 
the  second  undisturbed  concrete  sample. 

b.  Cylinders  were  cast  for  test  at  7,  28  and  90  days;  and 

freeze  thaw  exposure  was  Initiated  on  the  beams  at  age  28 
davs.  To  serve  as  a  control  series  3/4"  MSA  P.C.  concrete 
hatched  with  Mabels  pit  natural  sand  and  Mathews  Terrace  gra¬ 
vel  was  tested  according  to  CRD-C  114-73  "Method  of  Test  for 
Soundness  of  Aggregate  by  Freezing  and  Thawing  of  Concrete 
Aggregates".  The  control  beams  were  started  In  test  at  a 
sr  indar  1  |i-ddv  age.  and  cylinders  were  cast  for  test  at  age 
'  ,  I  - ,  2  8  davs. 

'he  petrographic  report  Indicates  that  about  six  percent 
t  t'e  sand  Is  composed  of  soft  particles  with  some  raont- 
o  .  r  n  I  t  e  clay  In  the  finer  fractions.  Slump  loss  tests 

;  ••  it  el  significant  stiffening  occurred  during  the  30-mlnute 

■  i  .  Average  slump  for  the  three  batches  was  reduced  from 
l-i  bes  as  mixed  to  3/4"  in  30  minutes.  Delayed  concrete 

. el  stiff"  and  lumpv",  lacked  plasticity  and  workabl- 

1  ,  an!  tend  to  "posthole"  during  consolidation.  It  is 

.  s  •  ;  •*!  i  >  e  d  that  two  ^8^  three  times  as  much  effort  was  required 

t  ir  -dee  adequate  y\s  oiidatlon  of  the  delayed  tested 

r.-te.  however,  the  delay  had  negligible  affect  on  the 
c I  t  s  M  air  .intent  and  the  durability  factor  of  the 

,  I  ,  t  e .  ihe  average  air  content  for  the  mixed  and  delayed 
•on  retc  vas  s  .  2  and  3.  OX,  respectively,  and  the  durability 
•  I  r  irs  for  the  mixed,  delayed  and  standard  freeze-thaw  test 
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beams  were  DEE  -  89.7,  88.7,  and  92.3,  respectively. 

These  DEE  factors  would  rate  all  of  the  beams  as  excellent, 
which  Is  comparable  with  DFE  “  89.2  reported  In  Lower 

Monumental  Lock  ft  Dam  Concrete  Aggregate  Design  Memorandum 
So .  8,  28  April  1961.  Compressive  strength  results  at  age  28 

days  for  the  mixed  and  30-mlnute  delay  3"  MSA  concrete  were 
3980  and  3430  psl,  respectively.  Detailed  test  results  are 
attached. 

8.  The  results  of  this  Investigation  to  date  Indicate  the 
following: 

a.  Microscopic  analysis  of  debris  from  spalled  naviga¬ 
tion  lock  chamber  concrete  showed  entrained  air  contents 
ranging  from  1.2  to  2.9  percent,  whU  h  are  too  low  to  provide 
a  high  level  of  freeze  thaw  durability. 

b.  Microscopic  analysis  of  the  freeze-thaw  beams  cast 
from  delayed  and  non-del  a yed  recently  cast  concrete  showed  a 
decrease  In  entrained  and  total  air  contenc  for  the  delayed 
concrete  as  compared  to  Che  non-delayed  concrete. 

c.  Two  to  three  times  more  compaction  effort  was 
required  to  consolidate  the  stiff  30  minute  delayed  concrete 
as  compared  with  the  non-delayed  concrete. 

d.  No  significant  reduction  In  the  plastic  air  content 
was  measured  In  concrete  allowed  to  set  for  30  minutes  prior 
to  test. 

e.  The  extra  consolidation  required  to  consolidate  the 
stiffened  concrete  had  no  apparent  effect  on  Its  freeze-thaw 
durability  or  compressive  strength. 

9.  This  completes  all  works  requested. 

FOR  THE  DIVISION  ENGINEER: 


I  nc  1  ( dupe ) 

a  s 

CF: 

NI’DEN- CS 
Lone  ret  e 


Director 
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LATlVE  Dv NAN/1 1C  MODULUS  OF  ELASTIClTV,  P£9  CENT 
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>  1 

JJ 
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1 
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_P 

!  ! 
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! 

•  i  * 
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f 
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t 

i 

DF  C  At 

300  ctcii: 


r^o  C  vCl  (  «• 

•  ML  C  «  *>0% 


311 

92  .9 

311  A 

93.5 

311  B 

90.6 

Average 

o 

92  .3 

Designed  according  to  CRD-C  114, 
3/4"  MSA  0  0.49  W/C. 
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_ _ DURAB I  LI  TY  STUDIES 
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TAST  CYCLES  OF  FWCEZING  AND  (HAWING 


It f  AA-t  tiO 

It  v  **»!«<»< 

nil  at 
too  c i ci i • 

t  ♦«<  (  yd  l  s 

•Mi  1  «  !,U  ;, 

386 

86.1 

386  A 

88.1 

.  .. 

386  13 

85.9 

Average 

O 

86.7 

Cast  from  wot  screened  minus  3/4" 
prtlon  of  project  Mix  No.  3-5.25  P-2B. 
30-  Minute  delay  prior  to  casting. 
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l.i MONUMENTAL  CONCRETE  DURABILITY  STUDILS 
Report  of  After  T:  Examination  of  Accelerat'  d  Freeze-Thaw  Hearns 

1.  Samples  &  Test  -  Three  sets  of  beams,  each  composed  of  three  h«  ar-» 
from  each  of  three  concrete  batches,  were  cast  with  laboratory  ptu.  essed 
Mabel's  Pit  sand  and  Mathews  Terr. ice  Course  a/j’.rep.a  t  os .  One  set,  NED 
No.  311,  was  cast  from  a  3/4*'  MSA  concrete  uiiytuie  designed  atid  t «.  -I  nl 
In  accordance  with  CRD-C  114  and  two  sets,  MM)  No.  38A,  wt*re  cast  f  !  or. 
the  wet  screened  minus  3/4  portion  of  a  3"  MSA  Lower  Monumental  pioje  t 
Mixture,  No.  3-f».  25P-2B,  one  set  immediately  .liter  mixing  and  one  ••♦•t 
after  a  30-minute  delay  without  agitation  or  remixing.  The  concrete 

beams  were  started  in  test  at  aj;c  14-days,  the  I’.C.  pn/./o  1  an  i  c  M  te, 

at  a Re  28  days.  The  beams  were  subjected  to  301  to  308  <  v<  1  es  of  iaeid 
freezing  and  thaw  ini;  and  tested  in  accordance  with  CPn-L  20.  Kollovin,. 
are  detailed  test  results: 

Cement 


S<'r  i  es 

Cent  i 
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cwt 

7 

Con*  e 
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NOTE:  On  the  i  us  3/4"  portion  of  ttio  mixture. 

2_!  On  the  js  1  V‘  portion  of  the  mixture. 

2.  Examination  of  Hearns  -  All  beams  are  of  good  physical  quality.  Beams 
have  well  preserved  original  contours  and  mortar  coarse  aggregate  losses 
are  minor.  The  mortar  is  firm  and  the  bond  is  good.  Minor  popouts  are 
present  in  all  beams.  The  beams  cast  after  the  30  minute  delay  had  the 
highest  weight  loss,  greater  surface  relief  and  had  lost  some  ‘t  inch 
aggregate  particles.  Details  are  as  follows: 


Series 

Test 

Weight 

Surface 

No. 

Cond i t i on 

I. OKS,  7. 

Relief,  1  ns 

311 

CRD- Cl  14 

5.8 

0.  15 

386 

Standard 

6.4 

0.  15 

386 

30  min.  delay 

10.  2 

0.  25 

The  depth  of  penetration  of  destructive  freeze-thaw  action  is  illustrated  by 
the  dark  wet  edges  of  the  sawed  sections  in  the  accompanying  photographs. 

Tin-  accompanying  block  illustrates  the  original  size  of  the  test  beams. 

The  's  inch  thick  sections  were  sawn  from  selected  beams,  air  dried,  placed 
in  \  inch  deep  water  for  15  minutes  and  photographed  immediately.  The 
average  DEE  durability  factors  of  92.3,  89.7,  and  88.7  would  rate  the 
beams  as  excellent  by  criteria  outlined  in  l'.M- 1  1  1 0-2-2000,  "Standard 
Practice  for  Concrete"  Page  2-11.  para.  4. 
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S l fc  if i  t : 

Petrographic  Examination  of  Fine  Aggregate. 

_ 

Report  Scries  No.  1 

Pi  o  i  o  a!  1  : 

_ Lower  Monumental  Dam _ _ 

Intended  Us*?; 

Concrete  Aggregate 

Source  of  Material 

:  Mabel's  Pit  on  Snake  River 

Sutini  tu-d  bp: 

Director.  North  Pacific  Division  Laboratory 

Dale  S  amo  l  ed : 

R.r.iv.,1-  16  December  1977 

Me  i  hod  of  Te  s»  l  or 

Specification:  CRD-C  127—07 

Re  'f  ences: 

North  Pacific  Division  Laboratory  Request  No.  E85789SOo 

(DTL  78-4)  dated  8  December  1977. 

SAMPLE  IDENTIFICATION 

MUD  Lab.  N'o ■  77/288,  Sample  of  concrete  sand  (NPDL-311)  from 
Mabel's  Pit  on  the  Snake  Kiver  for  Lower  Monumental  Dam. 


SUMMARY  OF  EXAMINATION  RESULTS 


1.  The  fine  aggregate  is  dark  brownish-gray,  rounded  to  angular, 
partially  manut nctured  sand  consisting  of  about  70  percent  dense 
basalt,  2  percent  vesicular  basalt,  5  percent  highly  weathered 
basalt  and  clay,  <j  percent  granite,  7  percent  quartzite  and  quartz, 
4  percent  feldspar,  and  6  percent  miscellaneous  materials. 

2.  Porous,  absorptive,  friable  particles  comprised  mainly  of 
weathered  basalt  and  silty  calciche  total  about  6  percent  of  the 
sample.  Some  chloroDhaeitc  and  montmorillonite  clay  are  included 
in  this  group  in  the  finer  sieve  fractions. 


3.  Although  some  natural  glass  is  present  with  a  refractive  index 
of  less  than  1.540,  the  alkali-silica  reactivity  potential  of  this 
aggregate  is  thought  to  be  minor. 


HRD  fonm 
HAT  id 


4.  Most  of  the  particles  tend  to  have  an  equidimensional  shape 
with  a  smooth  to  moderately  rough  surface  texture,  and  are  free 
of  any  coatings,  except  for  small  spots  of  calcite  incrustation 
on  some  particles. 


1  1 ‘J  ton  ion  Of  rrs  sf  is  oosolfte. 
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5.  The  composition  of  the  sand  by  sieve  fractions  is  given  in  the  at¬ 
tached  table. 


COMPOSITION  AND  PHYSICAL  PllOPKKTI F„S 


6.  nasal t .  Black  and  brown,  dense  to  vesicular  basalt  particles  make 
up  72  percent  of  the  sand  sample,  while  soft,  moderately  to  highly 
weathered  basalt  comprises  5  percent.  Most  of  the  basalt  is  holocrys- 
talline  but  a  few  contain  interstitial  natural  glass,  In  a  few  eases, 
the  glass  (palagonitc)  has  a  refractive  index  less  than  1.540  which 
makes  it  susceptible  to  alkali-silica  reaction..  In  addition  a  trace 
amount  of  glassy  rhyolite  rock  is  also  present.  However,  the  amount  of 
glass  in  the  entire  sand  is  small  and  not  likely  to  cause  excessive 
reactivity  when  used  in  concrete.  In  some  of  the  weathered  basalt  par¬ 
ticles,  the  natural  glass  has  altered  to  chloronhaei i c  which  in  turn  is 
altered  to  montmori llonitc  clay.  Since  the  sand  contains  a  high  percen¬ 
tage  of  minus  No.  200  size  material  and  much  of  the  clay  is  collected  in 
this  size  fraction,  it  would  he  advisable  to  remove  some  of  this  material 
by  washing  before  the  aggregate  is  used  in  concrete. 

7.  Granite.  Fine-grained,  light  gray  to  pink,  hard,  dense,  rounded  to 
angular  granite  particles  occur  in  small  amounts  in  the  larger  sieve 
fractions  making  up  about  u  percent  of  the  sand.  Practically  all  of 
these  particles  appear  sound  and  durable. 

8.  Quartzite  and  Quartz.  The  particles  of  tiiis  group  consist  of 
rounded  to  angular,  hard,  dense,  white  to  buff,  fine-grained  quartzite 
and  angular,  white  to  colorless  quartz.  Most  of  the  quartzite  occurs  in 
the  coarser  sieve  fractions,  while  quartz  grains  are  most  abundant  in 
the  finer  sizes.  All  of  the  grains  of  tiiis  group  arc  hard  and  durable. 
This  group  totals  about  7  percent  of  the  sand. 

9.  Feldspar.  This  groun  is  made  up  of  no  ■.  a  and  plagioclasc  feld¬ 
spar  grains  having  been  derived  from  th.  ranitw  and  basaltic  rocks, 
largely  as  a  result  of  crushing.  Most  tend  to  be  fresh,  but  a  few  show 
alteration  products  such  as  sericitc  and  k.iolinitc.  The  grains  are 
white  to  gray,  rectangular,  and  have  good  cleavage  surfaces.  Feldspar 
comprises  about  4  percent  of  the  fine  aggregate. 
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10.  Hi  sc  el  1  .ancons  .  A  number  of  different  rock  types  and  minerals  are 
included  in  tiiis  groun  such  as  mica  schist,  concrete,  calciche,  and 
limestone  in  the  coarse  fractions  and  mica,  calcite,  and  common  detrital 
minerals  in  the  fine  sizes.  All  together  this  group  makes  up  about  0 
percent  of  the  sand.  Some  of  the  calciche  and  limestone  particles  are 
soft  and  highly  absorptive. 


Submitted  by: 


^  R.  K.  SCIILKNKICR 

Director,  MR1)  Laboratory 
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PRELIMINARY  EVALUATION  TESTING  OF  SPECIALIZED  MORTAR  COATINGS 
Item  Description 

1  DA  Form  2544  dated  28  June  1976 
Describing  the  Wet-Dry  -  Freeze/ 

Thaw  Specialized  Test  Under 
Various  Pressures 

2  NPDEN-GS-L  Letter  Dated  27  September 

1976  Giving  Results  of  Specialized 
Laboratory  Freeze/Thaw  Tests  on 
Mortar-Coated  Lock  Concrete 

3  NPDEN-GS-L  Letter  Dated  18  February 

1977  Giving  Results  of  Comparative 
Tests  of  Fiberglass-Reinforced  Mortar 
Coatings  With  and  Without  Latex  When 
Subjected  to  Freeze/Thaw 


IKTRAARMY  ORDER  FOR 
REIMBURSABLE  SERVICES 

F«r  ui«  •!  I KJ  •  (am,  it*  AR  37-101  md 
A  R  37- HO;  th.  l» 

OHlca  C*mp»r«lla»  «(  tH.  Army. 


District  bnslneer 

Walla  Walla  District,  Corps  of  Lasts. 
City-County  Airport 
Walla  Walls,  \!A  99362 


«-  ocscmiption  or  services  to  »c  resroRHiD 


5  TO  BE  PERFORMED  0T  '(  crrvr  my  a  In  »l  ml  l  ml ‘O'-  O'  A<  '  .  » 

•  rfdrssa;  (Includm  ZIP  CoOm) 

Director 

Division  Materials  Lab. 

Horth  Fsclfic  Division,  Corps  of  Eagre. 
TroutJsle,  OK  97060 


Perform  special  f resio-thav/wct  (under  pressuroj-dry  tests  on  samples  of  Lover 
Monumental  concrete  that  have  bean  coated  with  Class  Con.  The  costing  has  been  sppllv 
by  s  privuto  company  and  S  sanplsa  isavo  been  shipped  to  HPDL.  Special  Jig*  as  shown 
on  the  attached  sketch  should  bs  made  by  the  laboratory  for  these  tests.  Tvo  sanplsa 
should  be  rstalned  for  possible  testing  at  a  later  date— one  sample  should  be  subjects 
Co  the  standard  freeze-thaw  test,  sod  the  remaining  five  samples  should  be  subjected 
to  the  pressurized  vet-dry,  freess-thsw  test  ae  described  below. 

Test  Procedure 

Clamp  tho  samples  In  tha  jig  ss  shown  on  Che  attached  sketch.  The  bolts  should  be 
svonly  tongued  so  that  their  total  initial  load  will  be  equal  to  the  force  exerted 
egalnet  the  top  plate  by  the  sir  pressure.*  Air  dry  the  samples  In  ths  Jig.  PHI  the 
reservoir  botveen  the  top  plats  and  ths  Class  Con  surface  about  half  way  with  water. 
Apply  the  required  sir  pressure*  and  maintain  It  for  1  hour.  Ralsaao  the  pressure, 
empty  the  water,  and  totally  freeze  the  test  specimen.  After  the  total  specimen  has 
been  frozen,  remove  It  from  tho  freezing  chamber  aud  Immediately  fill  ths  reservoir 
about  half  way  vith  cool  water.  Apply  the  required  air  proseurs  again,  being  sure 
Chat  tha  water  la  not  froccn  at  tha  tins  sir  pressure  is  applied,  repeat  tha  process 
until  failure  or  300  cycles. 

(COWTlmjCD) 


»•  AUDTITLI  Of  ORDCHI>IOO">CI> 

BIC1IARD  L.  CULLIXSOU 
Chief,  PAM  Br. 


4. 
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ORIGINATING  PINANCt  AND  ACCOUNTING  OFPICC  APPROVAL 


^P^%lW5SlR:(WllF":ABniO305X3B0000  96x3122  Const.  Gen  CE  Civil 


6  AMOUNT 

■513,000.00 


Services  to  be  performed  pursuant  to  this  order  are^ope^^h^^eable  to  the  appropri¬ 
ations  or  other  accounts  indicated  above  until - _  u  - -the  expiration 

date  oi  this  order  ro.,  .  *«,.  •  V...) 


10.  TYPED  NAME  ANO  TITLE  OF  APPROVING  OFFICE* 


T.  W,  MORSE 
Ch,  Ft  A  U ranch 


accepting  officer 


The  ABOVE  TEPMS  ANO  CONDITIONS  APE  SATISFACTORY  ANO  Apt  ACCfPTEC 


DA  2544 


*t*L*CtlF*IVlOUl  IOiTiON  O  *  T  Mil  FORM  AND  O*  FORM  llll  '  J  A 
OF  SNICM  WILL  PI  IIIUIO  ANO  UKO  UNTIL  I  OCT  «,  u  N  L  (II  POON|R 
•  4  MMUIIII  MI.'IH  tFFKI  INI  •  -»»«-»«» 
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NWEN-FM 

SUBJECT:  Performing  Special  Freeze-Thaw/Wet-Dry  Tests  on  Lower  Monumental 

Concrete  Samples 

*Saraple  //I  -  pressure  equals  1  to  2  psi 

M  it  2  -  "  "  11  psi 

"  #3  -  "  "  22  psi 

"  //4  -  "  '*  33  psi 

M  0 5  -  "  "  44  psi 

The  amount  authorized  by  this  order  may  not  be  exceeded  without  prior  approval 
of  this  office. 

Billing  will  be  on  SF  1080  or  other  applicable  media  and  will  cite  the  order 
number  shown  in  Block  2a  above,  indicating  either  a  partial  or  final  billing. 
Receipt  of  final  billing  will  constitute  a  termination  of  this  order  and  an 
automatic  withdrawal  of  any  unused  balance. 
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ADO*M  ^  HI  PL>  TO 
n<HLUA* 

i  HO  I  1U  INDIVIDUALS 


U  S  ARMY  ENGINEER  DIVISION  NORTH  PACIFIC 
CORPS  OF  ENGINEERS 

NORTH  PACIFIC  OIVISION  materials  LABORATORY 
Mr  2  BOX  IIA 

THOUTDAU  OREGON  DTOJO 


NPDEN-CS-L  (77-C-5)  27  September  1976 

SUBJECT:  Lower  Monumental  Navigation  Lock  Repair,  Preliminary  Report  of 

Freeze-Thaw  Tests  on  Fiberglas  Coated  Concrete  Beams 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference  DA  Form  2594  request  No.  E-86-99-0016  dated  14  July 
1976  with  inclosed  drawing. 

2.  Following,  with  results  complete  to  date,  is  report  of  freeze-thaw  tests 
made  on  six  nominal  3 . 5x4xlO-inch  fiberglas  coated  concrete  beams. 

3.  Beams  were  sawed  from  chunks  of  concrete  sampled  during  the  navigation 
lock  repairs  (Ref.  NPDL  W/0  75-C-797).  A  nominal  1/2  Inch  layer  of  fiberglas 


coating  (Glass-Con)  was  applied  to  one 
One  beam  was  subjected  to  the  standard 
and  five  are  currently  being  subjected 
test  requested.  One  additional  sample 
at  a  later  date. 

4.  The  1/2-inch  fiberglas  coating  was 
of  rapid  freeze-thaw  as  follows: 

Cycles  of  Freeze-Thaw 

99 

178 

261 

300 


DFL300  J  69.7 
Wt.  Loss  »  157. 

A  photograph  was  taken  of  the  eroded 
available. 


3x4xlO-lnch  face  by  a  private  company. 
CRD-C20-75  freeze-thaw  test  exposure 
to  the  pressurized  weti-dry  freeze-thaw 
has  been  retained  for  possible  testing 

essentially  destroyed  by  300  cycles 

_  _ Remarks 


Estimated  2/3  coating  remains 
Coating  thickness  •  0.25" 

21  pieces  of  stone  visable  through 
f iberglas 

Stones  visable  throughout  coating, 
loose  fibers  In  remaining  fiberglas. 
Estimated  thickness;  0.0-0.10" 


rface  which  will  be  forwarded  when 
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NPDEN-GS-L  (77-C-5)  27  September  1976 

Subject:  Lower  Monumental  Navigation  Lock  Repair,  Preliminary  Report  of 
Freeze-Thaw  Tests  on  Fiberglas  Coated  Concrete  Beams 

5.  Five  beams  are  currently  being  tested  by  the  requested  pressurized  freeze- 
thaw  method  at  pressures  of  2,  11,  22,  33,  and  44  psi.  The  beams  are  assem¬ 
bled  in  jigs  which  allows  water  under  the  above  pressures  to  be  applied  against 
the  fiberglas  coated  face.  The  jigs  are  loaded  to  insure  a  minimal  compressive 
load  on  the  fiberglas  concrete  interface  when  the  pressure  is  applied.  The 
test  procedure  is  to  remove  the  beams  from  the  freezer,  set  in  ambient  air  for 
one  hour,  for  thawing  inspect  for  damage,  apply  water  under  pressure  for  one 
hour,  drain  the  water  and  return  to  the  freezer.  One  cycle  is  completed  per 
day.  The  requested  wetting-drying  portion  of  the  test  Is  not  applicable  as 

the  beams  stay  moist  throughout  the  test  due  to  condensation,  etc.  The  five 
beams  have  23  to  2b  cycles  of  freezing  and  thawing  to  date  with  no  visable 
damage . 

6.  Additional  results  will  be  forwarded  as  available. 

.M’/y-  0.  E .  BORCE 

r  Director 


EXHIBIT  4 
Item  2 
Page  2  of  2 


2 


AOOMl  **  Ml  PI  r  TO 

Dim  C  <  OR 

NU >  70  <  <VD<  HODAl  J 


U  S  ARMY  ENGINEER  DIVISION  NORTH  PACIFIC 
CORPS  OF  ENGINEERS 

north  PACIFIC  DIVISION  MATfRlACf  LABORATORY 
Rr  2  BOX  11 A 

TROUTDALC  OMGON  17010 


NPDEN-GS-L  (77-C-5)  18  February  1977 

SUBJECT:  Lower  Monumental  Navigation  Lock  Repair,  Report  of  Freeze-Thaw 
Tests  on  Glass-Con  Fiberglass  Slabs 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference: 

a.  Your  DA  Form  2544  request  No.  E86-99-0016  dated  14  July  1976. 

b.  Our  report  this  subject  dated  27  September  1976. 

c.  NPD  Form  300  dated  27  December  1976  covering  transmittal  of  two 
nominal  3/4x3x5-inch  samples  of  Class-Con,  one  with  and  one  without  latex 
admixture . 

2.  Attached,  completing  all  work  requeated,ls  report  of  freeze-thaw  tests  on 
the  above  mentioned  samples. 

3.  The  Glass-Con  slab  without  latex  (Sample  No.  1)  had  gained  in  height  and 
weight  and  started  to  split  along  the  longitudinal  axis  by  47  cycles  of 
freeze-thaw.  At-95  cycles  it  appeared  the  sample  could  have  been  separated 
with  finger  pressure.  The  test  was  terminated  at  214  cycles.  The  slab  with 
latex  (Sample  No.  2)  showed  no  measurable  or  visual  deterioration  after  300 
cycles  of  freeze-thaw. 

4.  Photographs  of  the  beams  after  test  will  be  forwarded  when  available. 


1  Incl  (dupe) 
as 

Copy  furnished: 
NPDEN-GS 


0.  E.  BORCE 
Director 
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NPDEN-CS-L  (77-C-5) 


18  February  1977 


LOWER  MONUMENTAL  NAVIGATION  LOCK  REPAIR 
REPORT  OF  ACCELERATED  FREEZE -THAW  TESTS  ON  GLASS -CON  SUBS 


Sample  No. 


1 

2 

1 .  Type 

W/O  Latex 

With  Latex 

2.  Dimensions: 

Inches 

0. 8X3X5 

0.4-0. 8X3X5 

_ Test  Results 

Weight—/  Height—^ 

No.  Cycles-^  ^8-  %  Chg.  X 


Yji  1  2  1  2  _ Remarks 


10 

- 

- 

- 

- 

No  visible  action- 

47 

+2.7 

0 

+15.1 

0 

No.  1  -  Surface  spalling, 
splitting  on  axis.  No.  2  - 
No  action. 

69 

+  1.4 

+0.9 

+  18.7 

0 

No.  1  -  Sand  site  particles 
eroding,  crack  widening. 

No.  2  -  No  action. 

95 

+2.7 

+0.9 

♦29.5 

0 

No.  1  -  Surface  eroding, 
sample  splitting  In  half. 

No.  2  -  No  action. 

128 

+  2.7 

+0.9 

♦  17.1 

0 

Same  aa  above. 

155 

-10.4 

+0.9 

♦  15.1 

0 

No.  1  -  Washed  slab  prior  to 
measuring,  all  surfaces  eroded, 
crack  extends  through  a  lab. 

No.  2  -  No  action. 

193 

- 

- 

- 

- 

Continuing  same  aa  above. 

214 

-32  0 

+0.9 

0 

No.  1  •  Slab  epllt  in  two  along 
longitudinal  axis,  atop  teat. 
No.  2  -  No  action. 

300 

+0.9 

0 

No.  2  -  No  ataaaurable  or  vlaual 
change . 

NOTE  : 

1/  Slabs  were  placed 

in  1/4 

inch  of 

water 

and  cycled  from  0  to  40F  at  rate  of 

12  cycles  per  day. 

2/  Plus  means  weight  or  height  increase,  minus  means  loss. 
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EXHIBIT  5 


APPLICABLE  SPECIAL  AND  TECHNICAL  PROVISIONS  OF  THE  REPAIR  CONTRACT 
Item  Description 

1  Specification  "Special  Provisions," 

Pages  SP-1  and  SP-13 

2  Specification  Section  1A,  "Environ¬ 

mental  Provisions,"  Pages  1A-1  thru 
1A-2 

3  Specification  Section  IB  "Supplemen¬ 

tal  Requirements,"  Pages  IB- 1  thru 
IB-5 

4  Specification  Section  1C,  "Measure¬ 

ment  and  Payments,"  Page  1C- 1 


5 


Specification  Section  3A,  "Surface 
Coating,"  Pages  3A-1  thru  3A-12 


Serial  No.  DACW68-80-B-0018 


SPECIFICATIONS 
PAKT  l 

SPFriAi.  PROVISIONS 

Si'- 1 .  COMMENCEMENT ,  PROSECUTION,  AND  COMPLETION  OK  WORK  (1965  JAN).  The  Contractor  will 
be  required  to  commence  work  under  this  contract  within  10  calendar  days  after  the  date  of 
receipt  by  him  of  notice  to  proceed,  to  prosecute  said  work  diligently,  and  to  complete  the 
entire  work  ready  for  use  not  later  than  the  time  limits  specified  hereinafter.  The  time 
stated  for  completion  shall  Include  the  final  cleanup  of  the  premises.  (DAA  7-602.44) 

SP-1.1  The  Contractor  shall  complete  all  surface  coating  and  painting  work  by  not  later 
than  1200  hours  03  April  1980. 

SP-1.2  The  Contractor  shall  complete  all  remaining  cleanup  and  demobilisation  work  by  not 
later  than  18  April  1980. 


SP-l-J  Limited  Wot k  Period.  The  maintenance  and  operation  ot  the  navigation  lock  shall 
take  precedence  over  all  contract  work,  and  nothing  shall  be  done  by  tbe  Contractor,  hia  sub¬ 
contractors  or  employees  which  will  hinder,  Interfere  or  prevent  operation  of  the  navigation 
lock,  except  during  the  two  lock  closure  periods  scheduled  as  follows: 

(1)  A  24-hour  lock  closure  period  on  10  March  1980. 

(2)  A  3-week  lock  . losure  period  from  0100  hours,  16  March  1980  to  2400  hours. 

■>i  April  1980. 

requested  bv  the  Contr.utor,  the  lot k  will  be  unwatered  below  tallwater  level  by  Government 
personnel,  ext  ept  for  -i|n«<r  leakage  ao  that  the  are#  inside  The  lock  will  be  available  for 
required  w<  rk  bv  1H  Mart h  1980.  All  Contractor  matarlala  and  equipment,  other  than  floating 
plant.  si..ill  he  removed  from  in-  tde  the  lock  by  2400  hours  04  April  1980 

s  i*  -  1 .  ♦  Other  Restrictions  and  Concur  rent_  w\*r_k .  Work  areas  and  scheduled  restrictions 

and  limit  it  ions  due  to  tbe  presently  anticipated  schedule  of  work  to  be  performed  In  these 
are. i,  t. .  others  shall  he  considered  by  the  Contractor  In  scheduling  work  to  be  performed  in 
ai  <  <-rd.m<  »•  with  the  above  completion  dates. 

S P - 1  * . 1  Modify  (.ate  Seals.  The  seals  on  the  navigation  lock  upstream  gate  will  be  modi 

t>.  t  h>  Government  personnel  during  the  scheduled  3-week  lock  closure  period.  Use  of  the 
■,)  .t ream  gate  for  the  Contractor’s  operat Ions  will  not  be  allowed  during  the  3-week  lock 
*  closure  period;  however,  the  downstream  gate  will  be  operated  by  Government  personnel  for  the 
Contractor's  convenience.  When  the  floating  bulkhead  la  set  Into  place,  to  facilitate 

lowering  the  lock  water  level  below  tallwater  level,  the  dovnetream  gate  will  not  be  operated 

f  »r  the  contractor's  convenience. 

NP  2.  and  SP- 3 .  DELETED. 
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HI.  79DK18 


SP-28. 


PAYMENT  FOR  MOBILIZATION  AND  PREPARATORY  WORK,  PAYMENT  ITEM  NO. 


1 


(1979  MAR) 


SP-2H.I  Payments  will  be  made  under  this  contract  on  the  actual  expenditures  made 
by  the  Contractor  for  mobilisation  and  preparatory  work  under  payment  Item  No.  j  as 
follows:  The  Contractor  may  submit  to  the  Contracting  Officer  certified  accounts  of 
the  actual  payments  made  by  him  for  construction  plant  excsedlng  $10,000  In  value  per 
unit,  as  appraised  by  the  Contracting  Officer  at  the  site  of  the  work,  acquired  for  the 
execution  of  the  work;  for  the  transportation  of  all  plant  and  equipment  to  the  site; 
for  material  purchased  for  the  prosecution  of  the  contract,  but  not  to  be  Incorporeted 
in  the  work;  for  construction  of  csmps,  access  roads  or  railroads,  trailer  courts, 
mean  halls,  dormitories  or  living  quarters,  field  headquarters  facilities  and  construction 
yards,  and  for  personal  services  and  hire  of  plant  on  work  preparatory  to  cotmsanclng 
actual  work  on  the  construction  Items  for  which  payment  la  provided  under  the  terms  of 
the  contract.  Accounts  so  submitted  must  be  accompanied  by  certificate  of  the  Contractor, 
supported  by  receipted  bills  or  certified  copies  of  payrolls  and  freight  bills,  showing 
that  he  has  acquired  said  construction  plant  and  material  frea  from  all  encumbrances 
and  agreement  that  It  will  not  be  removed  from  the  site  and  that  structures  and  facilities 
prepared  or  erected  for  the  prosecution  of  the  contract  work  will  be  malntalnad  and  not 
dismantled  prior  to  the  completion  and  acceptance  of  the  entire  work  without  the  written 
permission  of  the  Contracting  Officer.  If  the  Contracting  Officer  finds  that  aald 
conatructlon  plant,  material,  equipment  and  the  mobilization  and  preparatory  work  performed 
are  suitable  and  necessary  to  the  efficient  prosecution  of  the  contract  and  that  the  aald 
preparatory  work  has  been  done  with  proper  economy  and  efficiency,  payment,  lass  the 
prescribed  retained  percentage,  will  be  made  therefor  to  the  Contractor,  Payment  for 
conatructlon  plant,  material  and  structures  and  facilities  prepared  or  erected  for 
prosecution  of  the  contract  work  shall  not  exeaed  the  coat  tharaof  to  the  Contractor  lass 
the  estimated  value  upon  the  completion  of  the  contract  as  datarmlned  by  the  Contracting 
Officer.  In  no  event  shall  such  payment  exceed  100  percent  of  the  coat  to  tha  Contractor 
of  any  such  Items  which  have  no  appreciable  salvage  value  and  75  percant  of  tha  coat  to 
the  Contractor  of  such  items  which  have  an  appreciable  salvage  value.  The  findings 
of  the  Contracting  Officer  as  to  the  suitability  and  value  of  the  construction  plant, 
equipment,  materials,  structures  or  facilities  shall  not  be  subject  to  appeal. 

SP- ?H . 2  Payments  for  mobilisation  and  preparatory  work  will  be  made  In  accordance  with 
SP-28.1  above,  and  such  payments  will  be  deducted  from  the  contract  pries  for  Itam  No.  1  , 

"Mobilisation  and  preparatory  work,"  until  the  total  amount  thus  charged  to  this  Item 
reduces  this  item  to  zero,  after  which  no  further  payments  will  ba  mads  under  this  Item. 

If  the  total  of  auch  payments  made  does  not  reduct  thia  item  to  sero,  tha  balance  will  be 
paid  to  the  Contractor  In  the  final  payment  under  the  contract.  The  retalnad  percentage 
will  be  paid  In  accordance  with  the  clause  of  this  contract  entitled  "Payments  to 
Contractor. " 
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Serial  No ,  UACm6b-a0-tt-00  16 


HAKI  IV 

TECHNICAL  HkuVISIUNS 
StUlUN  1A 

LNVlHUNNtM  AL  PNllftCUUN 


1.  sCu^t. 

The  -o rn  covorio  by  this  section  consists  of  furnishing  oM  labor#  materials  eno 
equipment  and  p«rfor*in«  ell  nort  required  for  the  protection  of  the  environment 
ouring  construction  operetions  except  for  those  measures  set  forth  in  other  TECHNICAL 
PKUViblUNS  of  these  specifications. 


2.  HtFtkfcNCt. 

"Stmoaro  Methods  for  the  Examination  of  eater  and  rests  eater#*  fourteenth 
Edition,  IV7S#  published  by  American  Public  Health  Association#  101b  Eighteenth 
Street,  N.is,,  Washington#  D,C,  20036, 

3.  t»t  NEPAL , 

tor  the  purpose  of  this  spec i f 1 c a 1 1  on #  environment  protection  la  defined  ea  the 
retention  of  the  environment  in  its  natural  atate  to  the  greeteat  possible  extant 
during  project  construction  end  to  enhance  the  natural  appearance  in  its  fine) 
condition.  Environment  protection  reouires  cons i der at i on  of  air#  eater#  eng  land# 
eno  inwolves  noise#  so  1 i o-wes t e  management  and  managemant  of  radiant  energy  and 
reoioact ive  materials#  as  Hill  as  other  pollutants.  In  order  to  prevent#  end  to 
provide  f0r  enatement  and  control  of#  any  an v i r onment a  I  pollution  arising  from  the 
construction  activities#  the  Contractor  and  hia  aubcont rector*  in  the  Performance  of 
this  contract#  shell  comply  with  ell  applicable  federal#  State#  end  local  lews#  and 
regulations  concerning  any i ronment a  1  pollution  control  and  abatement, 

NUT  IF 1L A ! I UN, 

Ihe  Contracting  Ufficar  will  notify  the  Contractor  in  writing  of  any  noncomp  I  1 ance 
with  the  a f oremcnt 1 oneo  federal#  State#  or  local  laws  or  regulations.  Such  notica# 
when  aeliverea  to  the  Contractor  or  hi*  euthoriied  represent  at  1 vt  at  the  aits  of  the 
•  o r « ,  in# |  i  be  deemed  eufficient  f or  th«  purpose.  The  Contractor  shell#  after 
receipt  o*  such  notice#  immediately  inform  the  Contracting  Officer  of  proposed 
corrective  action  end  take  such  action  as  may  ba  approved.  If  the  Contractor  fells 
or  refuses  to  comply  promptly#  the  Contracting  Officer  may  issue  an  order  stopping 
all  or  part  of  the  »or«  until  satisfactory  corrective  action  has  baan  taken.  No  pert 
of  the  time  lost  due  to  any  such  stop  orders  shell  be  mads  the  Subject  of  a  dale  for 
extension  of  time  or  for  excess  costs  or  o«*«g«a  oy  the  Contractor, 

b .  SUBl u  .  I N AC  I U*s . 

lompli«nCe  «nh  t*e  provision*  0f  this  section  by  •  ubc  on  t  r  ec  t  o  r  s  Mill  be  the 
fflioniH  i  li|y  Of  the  Contractor, 

0,  iMKLtHifTA I 1UN, 

Mrior  to  c on-menc emen t  of  th«  work  the  Contractor  shell! 

(17  Submit  in  writing  his  proposals  for  implementing  this  section  for  environment 
protect  ion, 

(2)  ^eet  with  represent  at i ves  of  the  Contracting  Officer  to  develop  mutual 
u  n  o  t*  r  s  t  an<j>  nys  relative  to  compliance  witr  this  provision  eno  aom  i  n  1  s  t  r  at  1  on  of  the 
environment  protection  program,  Aptrov*)  of  the  Contractor'!  plan  for  environment 
protection  will  not  relieve  the  Contractor  of  hi*  r espona i b i I i t y  for  adSQuata  ana 
continuing  control  of  pollutants. 
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7*  PRUUCUUN  UF  LAND  KtSuUHCtS. 

T  h  •  I  «nd  rtiourcei  mtMn  the  project  boundaries  end  Outstoe  tne  limits  of 
permanent  work  performed  under  this  contract  shall  be  pressryeo  in  trelr  present 
condition  or  be  restored  to  e  condition  after  completion  of  construction  that  will 
appear  to  be  natural  ana  not  detract  from  the  appearance  of  the  project.  The 
Contractor  aha!!  confine  his  construction  activities  to  areas  aefineo  by  the  plans  or 
epee i f 1  cat  1  one . 


a.  PRUTtCTIUN  Uf  *AltN  HtSOUHCtS. 

0*1  liantrt  1  •  I  he  Contractor  shall  not  pollute  streams#  lakes  or  reservoirs  with 
fuels#  oils#  bitumens#  calcium  chloride#  acids#  herbicides#  insecticides#  or  other 
harmful  materiel.  The  Contractor  shell  investigate  ana  comply  with  ell  applicable 
Federal#  State#  County  and  municipal  1 ews  concerning  pollution  of  Surface  or 
subsurfece  waters* 


0*2  Sai \ 1 eoee .  Spscial  messurss  shell  be  taken  to  prevent  chemicals#  fusls# 
oils#  graasas#  bituminous  materials#  waste  washings#  sewegs#  chlorinated  solutions# 
herbicides  end  inaact  icides#  and  cement  and  concrete  dremege  from  entering  surface 
and  subsurface  waters* 

0,3  b 1 lpoii 1  of  any  matsrisls#  wastes#  effluents#  trash#  garbage#  oil#  grease# 
chemicals#  etc,#  in  areas  ejscent  to  streams  will  not  be  permitted*  if  any  waste 
materiel  is  dumpsd  in  unauthorized  areas#  the  Contractor  shell  remove  the  materiel 
end  restore  the  area  to  the  original  condition  before  of  mg  disturbed.  If  necessary# 
c  on  t  am  1  net  so  ground  shell  be  excavated#  disposed  of  as  directed  by  the  Contracting 
Officer#  end  replaced  with  suitable  fill  materiel#  compacted  end  finished  with 
topeoil  end  planted  as  required  to  reestablish  vegetation. 


9.  PRUTlCTIUh  OF  FISH  AND  nUVLlFt, 

I  he  Contractor  shell  at  ell  timas  perform  ell  work  end  take  such  steps  required  to 
minimize  interference  w  1 1 h  or  oieturbence  to  fish  end  midlife*  The  Contractor  will 
not  be  permitted  to  alter  weterflows  or  otherwise  disturb  native  haoitet  adjacent  to 
the  project  ereaa  which#  in  the  opinion  of  the  Contracting  Officer#  ere  critical  to 
fish  or  wildlife. 


10.  bUMhINU* 

No  burning  will  be  permitted* 


11*  *  A  I  NTfcNANCt  OF  PUL  L  U  I  1  UN  CONTNUL  FAClLITItS  UURiND  C  UN3  I  WuC  MON* 

During  the  life  of  this  contract  t h  e  Contractor  shell  maintain  ell  facilities 
conatructeo  for  pollution  control  under  t»"»  contract  as  long  as  the  operations 
cresting  the  particular  pollutant  ere  being  carried  out  or  until  the  materiel 
concerned  has  become  stabilized  to  the  extent  that  pollution  it  no  longer  being 
crested* 


12,  DUALITY  CUNTRUL  AND  CUNPLlANLt. 

The  Contractor's  duality  control  system  end  the  detailed  plane  submitted  in 
SPECIAL  PROVISIONS  shell  include  abatement  of  env i ronmen t • l  pollution#  disposal  of 
debris  sno  wastes#  control  of  dust#  and  other  appropriate  measures  to  effeot 
compliance  with  the  provision*  of  thf*  section.  The  Contractor's  Quality  control 
organisation  shall  perticipsta  in  required  jot*  training  courses  on  environment 
protection.  Deficiencies  or  noncompl ience  as  noted  by  th*  Contracting  Ufficer's 
Representative  will  be  administered  in  accord  with  the  procedures  specified* 
Recurring  deficiencies  in  abatement  of  *ny i ronment e I  impacts  will  also  be  considered 
adequate  reason  for  removal  sno  retirement  of  ineffective  Quality  Control  personnel 
including  job  supervisory  staff  and  the  top  resident  project  manager. 
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3 • ri a  I  No.  OACnfe®-«0-B-00l  e 


!LCHMC*L  PWJV13IUNS 
StUJuN  lb 

5UHPLtMtMAKt  KtUUlHLHtN  fS 


l.  ULNtrtAL. 

Ihe  xork  covered  oy  tM$  section  of  the  ipicI  fleet  ioni  coniiiti  of  work  co*«on  to 
*or«  tn*n  one  lection  of  these  TLIHMCAL  PROVISIONS.  when  used  in  these 
Spec  i  f  i  c  et  i  on*  or  m  referenced  pubMcet  ionir  "Engineer#"  is  synonymous  with 
'Contracting  Officer," 


2.  PLAN!  AND  tgUlPMtNl  LIST, 

In  addition  to  the  requirements  of  Standard  form  22  for  a  list  of  plant  and 
equipment  proposed  for  bidding,  tha  Contractor  shall  furnish  a  complete  list  of  ill 
plant  ang  equipment#  cicluiive  of  shop  equipment#  to  bs  used  on  tha  project#  in 
duplicate,  nitMn  SO  days  after  date  of  receipt  of  notice  to  proceed.  The  Contractor 
snail  submit  as  part  of  h»e  end*of *t he-mont n  request  for  payment*  up-to-date  plant 
ana  equipment  lists  throughout  the  lift  of  the  contrect.  Lists  shell  include  rented 
equipment  as  well  as  1  ease -pu rc h isa  or  s a l e- 1 eaeebec k  equipment.  The  initial  list 
ang  tha  revised  monthly  lists  shell  Indicate  dates  equipment  is  sssignso  to  or 
removed  from  tnr  project#  dates  desdlineo  for  repairs  end  returned  for  gas*  and 
adequate  i cent i f i cat  1  on  or  description  0f  each  item  of  equipment  including 
m#nuf ac turer 's  name  (abbreviated)#  model  number#  menuf icturtr'i  aerial  number#  and 
Contractor's  assigned  serial  or  record  number. 


S.  hAuL  WuAuS  AND  ACC  t  S 3  PU A 0 3  » 

I h •  Contractor  shall  protect  all  existing  facilities  owned  by  the  Government  anfl 
other  contractors#  whether  or  not  shown  on  the  drawings,  during  the  life  of  thia 
contract,  upon  completion  of  the  work#  all  the  existing  facilities  not  included  as  a 
portion  of  tha  work  shall  be  left  m  a  condition  equal  to  the  original  condition 
prior  to  the  contract.  Coats  for  maintenance#  rtpsi r  end  restoration  of  any 
facilities  shall  be  considered  to  be  incidental  to  end  included  in  the  bidding 
schedule  prices, 

for  work  areas  at  th«  navigation  lock  oeck*  existing  access  roads  shell  be  kept 
open  to  traffic  at  all  times.  The  Contractor  ia  responsible  for  control  of  traffic# 
barricades#  signs#  and  flagman  as  approves  by  the  Contracting  Officer, 


LGCAUUN  UF  CUNTKALTUK'S  OfflCt  AnU  PARKING  UF  PRIVATE  VEHICLES. 

Ine  Contractor's  jobsite  office  or  offices  shall  be  located  so  that  people 
vifitmy  the  Contractor#  Such  as  aaleemen  or  personnel  seeking  employment  will  not 
nave  to  enter  the  work  area  to  get  to  the  office.  No  parking  of  private  vehicles 
•hall  ue  permitted  m  the  working  areas  except  as  otherwise  approved  by  the 
Contracting  Ufficar. 


3.  lUtN  T  IHI  A  T  1UN  UF  VkMlCLtS. 

In  order  to  keep  proper  control  of  vehicl-s  in  the  work  area*  all  Contractor"# 
vehicles  shall  display  suitable  permanent  i dent  1 f 1 c St i on , 
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tftlfellNU  SAnITAIIUN  ►  AClllUtS 


S>«ni  t«t  ficilttits  thall  tie  furnished  by  t^e  Contractor  in  accordance  *  i  t  * 

tM  38S-1-1,  tint  mg  out>l  K  tot  |»t  facilities  will  not  be  ivailat  le  for  use  Dy 
Contractor  personnel. 


7,  ►’AYhUl.CS  ANO  APHht'W  RtSMlFb. 

Attention  is  yirecteo  to  CLAubt:  ►AtHl;ULb  A  up  »AJ>iC  htCuWUS  of  tne  Gt‘«t^AL 
►'HUVI3IUNS.  Thi*  paragraph  recuires  wee.ly  Submittal  of  all  payroll*  tor  prime 
Contractor  ana  luocoM  ractori,  it  is  to  be  notea  that  the  acidr  e*  s  anj  Social 
Security  Nu^oer  of  each  person  is  to  be  mtluoeo  »i  t'n  the  first  Submittal  of  the 
worker's  noire  on  the  payroll. 


d.  POWCnASt  UKOfcWS. 

Three  legible  copies  of  ell  purchase  orders  for  materials  incorporated  into  the 
work  showing  firm  names  ana  addresses  ano  list  of  material*  shall  oe  furnished  the 
Contracting  Ufftcer  as  soon  a*  issue*#  ana  immediate  notice  shall  be  given  him  of 
receipt  of  any  material  tor  the  work#  together  with  detailed  lists  of  tne  sane. 
Urdere  Shall  contain  the  contract  number#  applicable  bid  item  number#  and  the  piece 
mark  number  of  the  Item  being  purchased.  Purchase  orders  shall  include  the  name  anc 
addrea*  of  the  menu f ac t u re r  ana  fabrication  site. 


UTlciUtS, 

y .  i 

No  Government • furni aned  water  is  evatlaile, 

’  .2  LlAtitl.CJ.lJt. 

All  reasonably  reauireo  amounts  of  electric  power  will  be  maae  available  to  the 
Contractor  by  the  Go  ve  r  nmen  t  from  the  Cove  rnment -owned  or  -operated  electrical 
systems  at  the  project  end  will  be  supplied  without  cost  to  the  Contrector,  Power  is 
e.eilable  from  existing  MbO-volt#  3-phese,  30-ampere  tmanimurn)  receptacles  locsteo  at 
enos  of  the  navioetion  lock  upper  oec  k  and  from  l<?U-vo)t#  lS-empere  receptacles 
located  at  intervals  on  the  navigation  loci  upper  deck,  *11  temporary  connections 
shall  t>a  iubject  to  tha  approval  of  the  Contracting  officer.  All  electricity  shall 
be  carefully  conserved.  If,  for  any  reason,  the  Government  is  unable  to  furnish  all 
reasonable  amounts  of  electric  Dover  reauirea  by  the  Contractor  in  the  performance  of 
thi*  contract#  it  shall  be  the  responsibility  of  the  Contractor  to  provide  an 
adequate  supply  of  electric  power  at  hie  own  expense#  subject  to  r« i mbu r sement  by  the 
Government  on  an  actual  cost  basis  for  t^e  powir  used.  No  separata  payment  will  be 
made  for  the  cost  of  I apor  or  materials  furnished  by  the  Contractor  for  installation 
of  such  alternate  power  supply.  The  location  of  all  powerlines  and  all  temporary 
connection*  for  electricity  shall  be  subject  to  the  approval  of  the  Contracting 
Ufftcer,  All  temporary  circuits  and  devices  shall  be  furnished#  matalleo#  connected 
ano  maintained  by  the  Contractor  in  a  workmanlike  manner,  ano  shall  be  removed  d»  the 
Contractor  in  like  manner  at  hit  expense  prior  to  final  acceptance  tv  ?he  Government, 

9,3  Loanrened  Air. 

NO  Gove mment - f urn i s hed  compressed  air  is  available. 


10,  JtMHCAAKr  iLlClrflCAL  » l *  1 NG . 

The  following  reauirments  for  temporary  electrical  wiring  Supplement  sra  tnose 
noted  in  section  XV  of  Gt  NL*  AL  3Aftl»  Htuu I ht*LN T 3,  t *  3hb-l-i,  3 i ng I e -c onduc t o r 
wires  Such  as  Types  nP#  w,  kn,  |,  ana  T n  will  not  be  installed  unprotecteo  a ) ong  the 
grouno  or  walkways  or  within  retch  of  persons  on  grouno  or  walkways,  Thesa  wires 
Shall  either  be  protecteo  by  conduit  (except  Type  *►*)  or  be  Supported  by  miglitort 
bayong  the  reach  of  persons,  Ihese  -ire  types  are  not  accei table  for  festoon 
lighting  ana  shall  not  be  used  with  insulation  piercing  sockets.  hjr  festoon 
lighting  the  use  of  tor  No.  \t  neoprene  brewery  Cora  it  ecceptat  le  provided 
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that  «hf r«  the  cord  is  sui('rnoeo»  t^e  use  of  wedye-typa  »tr«io  clamp®,  such  at 
"Helidola"  type  kh  is  uteo  to  la*e  t^e  at  rain.  Type  3,  St'/  or  3)  I  "  h  rii*^  ahall  Pa 
a  •  e  ◦  ..here  corus  «rr  supj*.ct  to  extreme  Cynou  ioni  iuCh  aa  rocky  ground,  vehicle 
traffic#  frequent  novei  ilorg  the  ground#  ana  frequent  exposure  to  nol sture, 
>«onme  t  a  I  I  i  c  sheetheg  cat.le  jnj  service  entrance  cable  ahall  not  be  ui«a  at  portable 
coru  run  along  the  ground  or  suspended  in  the  air,  finen  exposed  th#y  ahall  ba  run 
agoirat  an-.i  fastened  to  Continuous  protective  surfaces,  lype  MM  tindoorj  nonmetal  lie 
sneathea  ceole  an#«|;  rot  he  exposed  to  moisture,  type  hML  or  aarvlca  cable  ahall  be 
useo  for  outdoor  installation  ano  boxes  uaed  th«p«»ith  ahall  ba  made  of  Inauleting 
notarial,  cat  met*  or  cutout  uo»es  mnal  leu  vhire  tipoiea  to  moitturt  ahall  either 
oe  r  a i n  t i g  n  t  or  shall  oc  i roiecteo  from  .#>  o i a  t  u  r a  ,  o  o  x e  a  and  cablneta  ahall  not  have 
•  irci  onu  ciii'lus  i  dJs'fig  through  anarp-eogeo  holes.  Individual  Hirta  Shall  enter 
<o*es  » r*  conduit  or  inryuyp  nolej  bushed  with  Insulating  material.  Cables  ahall 
enter  i o > e s  through  bushings  or  bo*  connectors,  All  metai  which  encloses  live 
electrical  conductors  snail  <e  grounded  with  the  exception  of  Isolated  fixed  boxes  In 
or,  locations  ana  so  Placed  that  parsons  cannot  touch  the  box  and  •  i  mu  1 1  anaoua  I  y 
touch  or  te  standing  on  the  grouno#  concrete  or  a  grounded  metal  surface,  Tha  ter* 
"enclosure"  includes  s  a  t  e  t  v  -  a  »  i  t  c  h  ana  "  ot  or-stert  eo  boxes#  panelboard  enclosures, 
t-itcn  ano  outlet  boxes,  end  the  frames  of  portable  power  tools.  Mata?  stands  for 
portable  floodlights  also  shall  ba  grounded.  eater-pipe  grounds  shall  ba  used 
whenever  tossml*.  **  I  I  "•'•sue"  grounds  ahall  provide  a  maximum  ground  resistance  of 
s'*  on**.  i.rpuno  wire  connection*  shall  utilize  clempa  or  lugs  so  a*  to  provide  a 
ri«c  h  an  i  c  a  1  i  >  souno#  1  o-  •  r  e  s  i  s  t  anc  e  connection.  Ground  wires  shall  D#  of  the  size 
specified  t» ,  the  ;#.L.i.  and  anal!  be  run  or  protected  to  avoid  Injury,  if  subject  to 
flexing  or  »ioratmn,  the  grouno  wire  ahall  ba  atrandao.  Grounding  of  portabla 
electrical  equipment  including  floodlight  stands  Shall  be  accomplished  by  meant  of  an 
f»tra  cpnouctor  within  the  coro  ano  an  additional  contact  on  the  receptacle  plug  so 
arranges  that  tre  circuit  and  ground  conductors  cannot  be  1 n t a rc h angad •  l ha  neutral 
conductor  shal)  not  up  useu  as  the  ground  conductor,  Hechenicel  protection  and 
siranoiny  of  the  grouno  conductor  shall  o<  aaua  I  to  that  of  the  circuit  conductors. 
If  a  Contractor's  lortaule  eguicment  has  plug  cap*  which  will  not  match  receptacles 
euuifpeu  witn  a  jrognoiny  connection,  r#  ahall  replace  the  cord  ano  plug  to  th# 
prui'Cr  t  ype  u»>d  s  e  r  m.i<  .pn  t  1  y  connect  groun.j  wire  to  equipment  case.  Ground  wires  in 
portarle  coros  anaM  always  be  identified  tv  a  green  color  ano  neutral  conductors 
snail  ie  white  or  <>ra>.  Special  care  shall  be  exercised  in  making  up  portable  Coroa 
to  oc  sure  that  the  circuit  ano  ground  conductors  are  not  i n t a r c h anged ,  Ih*  frames 
of  a»l  yortdi  it*  enu  i  ne-generat  or  plants  shall  be  grounded.  Ihl*  will  usually  entail 
a  driven  ground  adjacent  to  the  machine.  ha  neutral  wire  of  plant*  having  «n  output 
voltage  of  vo>(9  three-wire  also  ahall  be  grounded.  All  ungrounded 
c  onuuc tor*  snail  be  protected  ty  tuaea  or  circuit  breakers  of  no  high»r  ampere  rating 
t  h  a  \  ai  Io.pu  Ur  the  ...t.C,  The  Contractor  shall  provide  ano  maintain  in  use  on  tha 
site  *  Suit  a ule  ground  testing  device  ano  authorized  Quality  control  personnel  ahall 
perform  tests  initially  ana  subsequently  whenever  temporary  wiring  ta  altered  to 
assure  the  aoeauacy  oi  "man-made"  grounos.  a«lo>ng  machine  leads  shall  ba  kapt  fret 
ot  i  are  spots  ana  aplices  shall  oe  Mae  using  standard  insulating  splicing  devices 
m^oe  tor  tre  purpose,  tvery  motor  shall  have  a  Ji iconnact mg  meant  in  aight  of  th# 
Controller  location  or  arranged  to  be  loexeo  in  the  open  position,  work  on  all 
temporary  electrical  wiring  shall  pe  parormed  only  by  qualified  Journeymen 
e I ec t r > c i a*  s  .  temporary  electrical  wiring  shall  oe  considered  es  incidental  to  the 
»jr«  and  no  separate  payment  will  be  made  therefor. 


11,  hi.  wh  *»KL  A  , 

tc'i  r<c  ur'  material  storage#  worx  ano  parking  areas  shall  be  as  approved  by  the 
Contracting  'fticer  ana  es  indicated  on  the  drawing*. 

If*.  U0l  of  fi'Xt  KhUubt  i»«lMht  utth,  lLLnAY  b  K  l  OGL  #  AhU  NAVlGAlJUN  LUCh  bRIDCfc 
A  r,p  r  u  A  u  a  w  1  , 

In*  powemouse  inline  dec*#  spillway  bridge#  end  tha  navigation  lock  deck  ana 
f-PKiye  may  »,#»  ws  ea  tor  I  hm  tf  j  access  to  tf*  work  area  with  Contractor  vehicles  only. 
Mauling  of  materials  ano  transporting  of  "-en  and  equipment  will  ba  Permitted  on  tHe 
roadway  Sgi  ject  to  a  loiu  limitation  equivalent  to  the  Standard  Highway  H320  loading, 
lue  Contractor  shall  protect  the  various  portion*  of  the  structures  from  damage  by 
traffic,  prevent  material  from  falling  through  th*  deck  openings#  and  a l So  keep  th# 
areas  in  usr  cleaned  up  ano  oroerly  at  all  time*  during  use.  Vehicle  speed*#  special 
precautions,  ano  safety  measures  shall  ba  as  directed  by  the  Contracting  Ufflcar. 
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All  deOM*  resulting  from  the  xoriu  kuCh  as  Packing  C4ltt«  cemmt  k«cna«  lCr«p 
lu«ocr  «oq  other  dtbfii  knell  ve  col  Icctto  anu  remowe  t  fry"1  the  »>ori  sr*.«  daily  ano 
oUpoita  of  ©  f  f  pfojOct  l*no.  AM  coiU  uf  removing  aeons  »h«i  I  r>e  mctyental  to 
the  hyrif  «no  no  le^Arotf  payment  will  be  -  «ue 


1  *a  .  UlSMbAL  Uf  nAi  1  t  MA  I t  K 1  AC  5 , 

Collection  end  dispose)  of  el)  -este  materials  Shell  be  performed  in  e  manner  end 
with  such  necessary  scaffolding,  nett,  eno  collection  facilities  eno  equipment  «s  to 
prevent  Sny  accidental  or  deliberate  dispose!  of  materials  in  tne  lock  cf'inur  or  in 
any  water  area  at  the  oam.  *11  floating  plwnt  used  for  storage  eno  hauling  of  Jeini 
ana  waste  materiel*  from  construction  operations  shall  have  containment  walls  e 
minimum  of  *4  feet  in  height  ana  of  minimum  3*inch  timbers  ngiuiy  installed 
Surrounding  the  detr  i  •  collection  eree*  Loncrett  materials  any  any  senuLlestmg  vend 
collected  during  surface  preparations  eno  surface  coating  applications  snail  nr 
disposed  of  at  the  »este  oisrosel  site  indicated  on  the  drawing*. 


lb,  lLtd*lNA1 ION, 

lhe  Contractor  shall  furnish  sll  plant,  equipment,  labor  and  materiel*,  excepting 
uo vernment* f urn i shed  electricity  and  area  flood  lighting,  to  insure  aaeuuate 
illumination  for  operations  in  accordance  with  the  provisions  of  beet  ton  jj  of 
LM  36b-l-l,  Utht-KAL  SAM  I  f  KtuulHtMCMS.  lhe  term  "aaeauete  i  I  I  u*  i  net  i  on"  *•  used 
herein.  Shell  be  construed  as  the  sl^inuk  lighting  required  to  provide  safe  working 
conditions  eno  provioe  Sufficient  light  to  permit  the  work  to  te  performed  in 
accordance  with  the  plans  ana  ipsci licit  ions  ana  to  permit  complete  inspection  of  ail 
work.  No  uirect  payment  will  be  made  tor  trovidiny  such  illumination  ana  the  cost 
thereof  shell  be  considered  as  incidental  to  ana  included  m  the  contract  lump  sum 
price. 


lO.  *UPh  Ah  t  A  ACCtSS. 

lhe  Contractor  shall  submit  tor  approval,  sny  ecettoljmg,  Isooer,  stairway  or 
other  access  schemes  he  proposes  to  use,  including  type,  layout,  aoi  < objections. 
Approved  antislip  surface  material  shall  be  installed  on  scaffolding  platforms, 
Scaffolding  Shall  comply  in  avary  respect  with  t  ►  5db*l*t#  SAittr 
htwUlHiHfcMo.  lhe  Contracting  officer'*  bi<prov«l  will  not  be  consider*^  to  relieve 
the  Contractor  of  any  respons I b i I i t y  for  compliance  with  tne  contract  -no  applicable 
State  laws.  !h#  Contractor  aha) I  provide  access  to  the  work  area  in  tne  lock  cnamoer 
tor  the  Contracting  ufficer  or  any  inspector  at  all  times* 


1  /  •  LUCK  UPtKAIldNS  AI«U  CCCSUHt  MhH>bb. 

iha  Government  will  maintain  lock  operations  throughout  the  contract  period, 
except  our-.ng  the  £<*-hour  eng  the  3~week  lock  closure  penoos  specified  m  paragraph 
•  5H*i.3  of  the  SMC1AL  PHUvlSlUl-S.  The  Contractor  will  be  given  appro  k  i  mat  e  I  y  \  hour 
advance  notice  of  lockages  to  alio*  removal  of  equipment  ana  personnel  from  the  Iocs 
chamber  eno  to  perform  any  necessary  operations  to  allow  interruption  of  tne 
Contractor's  work  operations  so  lockages  may  be  performed,  lhe  average  time  for  a 
lockage  from  arrival  of  a  boat  at  the  lock  entrance  eno  completion  of  lockage  is 
approx i mate  I y  1  hour.  cocxagea  exceeding  1  hour  caused  by  delays  due  to  the 
Contractor's  operations  tuCh  as  splitting  of  tows  because  of  tne  contractor's 
equipment  m  the  lock  shall  not  be  »ade  the  subject  of  a  claim  agamvt  tha 
Government,  An  average  of  seven  commerc »  i*  boat  lockages  are  made  each  nay  at  lo>ir* 
monumental  cock.  Iha  water  in  the  lock  will  be  maintain**,  oy  the  i*ovf minent  within  a 
range  of  £  feat  of  the  levels  requested  by  the  Contractor  to  facilitate  hi* 
Operations  st  any  time  when  working  in  thr  lock  chamber.  lhe  Government  will  very 
the  water  level  in  the  lock  chamber  at  intervals  of  feet.  Ih*  Contractor 

Shell  notify  government  personnel  at  least  \i  hours  in  advance  of  ary  need  for  an 
adjustment  in  water  level  in  tne  lock  eno  ot  least  «4tJ  hours  in  advance  of  the  need  to 
lower  the  water  level  below  thr  teilwater  level •  nhen  tne  water  level  in  the  lock  is 
to  be  maintained  at  an  elevation  below  teilwater  level,  the  difference  in  water 
levels  shall  be  at  least  J  feet  eno  the  Contractor  shall  furnish  personnel  to  operate 
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uovernnrnt  ouH  >  to  c  u**  t  »  "uuu  ft  I  y  coni  rii  I  I  to  list  the  difference  In  utitr 

levels  ne#j("i  to  seif  my  it  maintained,  the  Government  will 

reuoir*  c»  n.*wrs  to  i>frlpr*  the  -ora  rtgu’rco  to  unwater  ©r  rtutttr  the  lock,  The 
contractor  sn.<if  scneuule  ms  oienr  n.ni  to  that  the  uoytrnMnt  will  have  tin*  to 
i  erfur*  jn,  .,nk«teniw  *»p-j  relief  my  o»  u>f  navigation  lock  without  attending  tb# 
Schedule*'  l#*r*  ovl<  »f  i  rr  »c  ), 


Iff.  AOl.r  •*.  I  hi  yUlt  iji-i.J, 


l-.l  U,ClxC_<.Lkt5a--ACCii4*-U4U<« 

»»f  v  i- r*»  >  e*it  Allows  «iiiCi  «'«»mums  access  acrott  the  dam  to  the  public  using 
I'Hvoit  vehicles  lunm.  the  «ol  lo»'ng  hour  t  enoai  durtnq  the  year: 

_ .uuLhi, _  L;au£*-iiuxa_ij)_tuLJat_att6ai 
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I fi  e  Contractor  shall  arrange  hit  -ora  schedule©  and  ooer»Moni  on  the  navigation  lock 
jfu  to  *  clear  tingle  lane  access  ot  f-toot  width  through  hie  work  areas  to 
dMo«  i-uMic  areas*  >.urm«(  the  above  litteo  pwMic  accett  period#  and  to  allow  eccaaa 
tv  »•  o  a  e  r  n  .  n  i  vehicles  at  all  tines. 

l«.r  ,n  the  loc«  •’■ay  it  used  an  I  v  for  securing  floating  plant  In 
place,  they  shall  not  if  used  lor  -inching  or  Moving  o!  floating  plant* 


1  v,  ©aft  cLi.  ah  A -.CL  rhi,Ui'iii*kb. 

«  pro jegt-uperate-i  safe  clearance  j.roce<iwre  will  oe  tn  effect  during  the  contract 
per i on.  u  i  i  operatic*  o<  electrical  twitches  end  mechanical  velvet  shell  be 
couf'i  i  no  ten  1 1*  rough-  the  Contracting  officer*#  Wepreaen  t  a  t  >  v*  with  the  dam  operation*' 
o  »  t  i  ce  , 


C  V.  L  c 

t"e  contractor  shall  install  a  satisfactory  neant  of  comnun  i  cat  i  on  euch  ee  e 
teteinor.e  or  other  renatle  co""tunicetiyn  device  between  the  navigation  lock  upper 
acts  «md  me  >ort  area  m  the  loc*  chamfer,  the  Contracting  Officer  or  sny  inspector 
shall  ie  irtvioe<i  use  of  the  commgn  i  c  at  i  on  oayice  at  any  tine  upon  request* 
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Serial  No.  DACWG8-80-E-0018 
TKCHNICAL  PROVISIONS 
SECTION  1C 

MEASUREMENT  AND  PAYMENT 

1.  GENERAL.  In  each  instance  the  contract  price  for  an  item 
shall  constitute  full  compensation  for  furnishing  all  plant,  labor, 
equipment,  and  materials  and  performing  all  operations  required  to 
complete  the  work  included  in  the  item  as  hereinafter  specified, 

as  shown  on  the  drawings,  or  as  otherwise  approved. 

2.  MOBILIZATION  AND  PREPARATORY  WORK  will  be  measured  for 
payment  as  a  complete  pay  item  (job)  in  accordance  with  paragraph 
SP-28  of  the  SPECIAL  PROVISIONS.  Payment  will  be  made  at  the 
applicable  contract  lump-sum  price  for  Item  No.  1,  "Mobilization  and 
preparatory  work,"  which  price  and  payment  shall  be  full  compensation 
for  mobilizing  all  necessary  equipment  at  the  site  and  performing  any 
necessary  preparatory,  work,  including  test  panels,  for  performance  of 
the  concrete  repair  at  the  lock  structure,  as  specified  and  approved. 

3.  LOCK  WALL  SURFACE  COATING.  The  surface  coating  of  the  lock 
wall  concrete  surface  will  be  measured  for  payment  as  a  complete  pay 
item  (job).  Payment  will  be  made  at  the  contract  lump-sum  price 

for  Item  No.  2,  "Surface  coating,"  which  price  and  payment  shall  be 
full  compensation  for  furnishing  all  required  materials,  equipment, 
and  labor  for  installation  of  the  specified  surface  coating,  including 
surface  preparation  and  painting  stripes,  all  as  specified  and 
approved . 


*  *  *  *  * 
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Serial  1,0,  i/»c»t,6-eg-6-ooi» 


lt(.„Mt»l  I*«UV1SJUNS 
ill' lun  1* 
SuRIAU  lUAUNG 


1.  SCuPt  <JF  «>(jRh. 

the  «ork  covereo  Dy  t  M l  taction  contlati  of  furniehlng  all  materiel  ana 
equipment,  ana  performing  ell  labor  for  the  preparation,  proportioning,  and 
application  of  a  ahotcrata  coating  to  the  interior  mall  aurfaca  of  tha  navigation 
lock.  Common  terainology  that  haa  developed  rafara  to  tha  apeclallied  ahotcrata 
coating  aa  tha  *eprey-on*  or  "aprey-up*  procaaa,  Tha  coating  ayatem  apaclflad  herein 
ahall  oa  applieo  to  all  concrete  aurfecte  (except  aa  noted  below)  of  the  navigation 
lock  walla  within  the  lock  chamber,  extending  froa  the  lava)  of  tha  roadway  deck  down 
to  the  conatruction  lift  Joint  at  elevation  435,0,  Shotcrete  coating  aha) I  not  be 
applieo  to  tha  concrete  aurfacea  of  tha  upper  alll,  brl3ge  upetreom  and  downatraaa 
lift  gate  receaeee,  moor  i  ng  TTtt  rec'eaVee»"aecee§  Tadoar  receaeee,  and  the  cable 
guaroa  at~monol  i  t  )  and  ^oT  rhTtiei  p  reo'arat  I  on~oi  eurreeea  to receive  ahotcrata' 
may  Tie  performed  at  any  Fi me  between  lockeget  and  during  tha  echeduled  lock  cloaura 
penoaa  aa  apecified  in  paragraph  SE*1.S  of  tha  SPECIAL  PROVISIONS.  Application  of 
tha  ahotcrete  coating  ahall  be  performed  only  during  the  above  apaclflad  lock  cloaura 
per i ode . 


2.  GENERAL. 

The  lock  wall  aurfaca  ia  deteriorating  through  failure  of  tha  mortar  portion  of 
the  concrete.  Thia  la  primarily  the  raault  of  freeiing  and  thawing  while  tha  mortar 
it  maturated.  The  surface  coating  to  be  applied  under  thla  contract  will  protect  the 
eaieting  concrete  from  further  da t a r I  oral i on.  However,  tha  coating  material  aha! I  be 
properly  mlaed  and  applied  and  ahall  be  applied  only  after  the  exlatlng  eurface  haa 
bean  thoroughly  prepared  and  cleaned.  Prevloua  laboratory  and  field  teete  et  Lower 
monumental  have  demonetrated  the  quality  and  practicality  of  doing  thle  work  under 
conatruction  contract.  Proper  and  thorough  advanced  planning  and  praparatlonp  are  an 
eaaantiel  pert  of  the  Contractor^  oparatlona  to  Ineure  thet_eij  auf.feee  coating  work 

la  completed  aa  apecified  in  paragraph  SP-1.1  of.  the  SPECIAL _ PROVISIONS  bacauae  no 

additional  work  time  will  be  allowed.  A  detailed  and  axtanaiva  report  concerning 
teat  reeulte  ano  obeervctlona  made  during  application  of  the  materiel  to  a  trial  eree 
undar  a  conatruction  contract  during  107b  haa  bean  prepared  for  the  government  by  a 
coneultant.  It  includea  photographa,  oatalla  of  production  ratea,  problema  with 
varioua  conatruction  techniquea,  etc.  Thia  report  It  available  (one  per  bidder)  upon 
written  requaat, 


3 ,  CGhOUCT  UF  nORh, 

3.1  Hap  of  Uparatini). 

r.  1 1  h  I  n  io  daya  after  the  date  of  receipt  by  him  of  notice,  to  proceed.  the 
tpnt rector  ahall  aubmit  for  review  a  0 etallad  plan  of  operation.  At  a  minimum  t h e 
plan  ahall  include  the  number  and  aiae  oT*‘crewt<  houra  par  an7>t  end  number  of 
ahifta.  tvoa  and  layout’  of  plant  and  equipment  end  aequence  of  oporoYlon  for  bo t h 
aurfaca  preparation  and  application  o~f  au rface  Coating . 

3.2  aack-2c.hcau.Ls. 

Tha  Cnntraetnr  ahall  auamii  a  complete  work  echodula  of_ p r opoeed_ wqrk  progreaa  by 
not  later  than  10  gave  after  receipt  by  him  of  notice  to  proceed.  The  work  echedule 
ahall  be  prepared  end  eubmitted  in  accordance  with  CLAllStt  PROGRESS  CHARTS  ANO 
RLMUlREHENTS  FUR  OVERT  I  ME  hURK  of  the  gtNiRAL  PROVISIONS  end  etiell  be  In  the  form  of 
a  bar  chart  or  critical  path.  Aa  e  minimum  the  echedule  ahall  Identify  major  Iteme 
•  of  work,  ahow  duration  end  detea  of  work  Iteme,  ehow  float  time,  and  Indicate  any 
interaction  with  government  work  being  performed  during  the  contract  period.  The 
echedule  ahall  Include  the  Iteme  of  work  Hated  below  under  paragraph!  Saauanca  «« 
back. 
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T*«  Contractor  ah«l  I  ic^euule  b  i  »  oner*,  torn  in  tcc^>  '  i'(fl  •»  M  »■  i*r  foi  lo»m  i 
••Qyenco  oi  ko rfc*  !*•  nom  tequenc*  w«ven  oalow  «*  inif^oeo  to  verify  tc  ii\r 
Gov*rn»*nt  that  the  Contractor  xill  be  r*  •  Jy  to  perform  t  **  i^r  (  ice  i  >uf> 

coetlng  application  during  the  ic^eOuleO  lock  cloture  i>*rt0us, 

(1)  leal _ £j£l*ll«  A<  least  10  days  prior  to  tne  scneuuled  owf  lock  cloture 

on  10  March,  the  Contractor  ahall  ononilrite  hii  methous  ot  surface  pr.bareiion  «s 
specified  in  paragraph!  ffelo  lmamir»H]»  .m  construct  lurey-uu  tc-et  ceneis  „f 
specified  in  paragraph!  aat«*rUo_IcJl_e40ell ►  ^ 

(2)  Cfl*tlaa-AflBi-UAtAafl,ilian«-iIftlUll0tt-SH5uU.  Ilurmy  t  ha  <?k-hour  lock  closure 
period  on  10  March  the  Contractor  ahall  parlora  turlaci  preparation  ano  apply 
fiberglass  fiber  reinforced  eprey-up  coiling  material  to  the  Interior  lock  •<)  it 
between  the  construction  lift  Joints  at  elevation  Sao.O  and  ths  roadway  oeck  level. 
This  work  shall  oa  a  full  seals  taat  of  ths  Contractors  plan  of  operation.  work  not 
completed  during  this  time  ahall  oa  completed  during  the  5-week  lock  ctoaurs  period. 

(})  Coating  Application  ,  Bilan. ,  tAjmiAaa— an  required  ipm,*up  coating 
applications  on  ths  Interior  lock  walla  ahall  be  perforeed  during  the  J-.eth  loc* 
Cloture  period  at  specified  in  paragraph  5P-1.J  of  the  SPttlAL  PRuvlSlilni. 

4.  APPLICAbU  PUBL1CAT  1  UN3  • 

the  following  publications  of  the  Issues  listed  oetowr  but  referred  to  thereafter 
by  basic  designation  only/  fora  a  part  of  this  specification  to  the  e>teni  indicated 
by  the  rafarancaa  thereto! 

( i )  taajlc.«n_Cancf  «t«_loatluua-llCU . 


SCI  506-66 


Recommended  Practice  for  Sholcretlny. 


C  150-78a 


Portland  Cement. 


C  173-78 


C  231-78 


Air  Content  of  freshly  mined  Concrete  by  tne 
Volumetric  Method. 

Air  Content  of  fraahly  mi»ed  Concrtta  by  tne 
Preeagra  Method. 


C  494-79 
C  685-78 


Chemical  Aomlsturaa  tor  Concrete. 

Concrete  made  by  Volumetric  belching  end  Continuous 
Miking, 


5.  MATERIALS. 

5.  1  Ufnara)  r 


-  k.l J. _ req«ir_ssl _ quantities  ef  the  specified,  approved  sslsMils  es  required  to 

J>a rform  th»  complete  eprey-up  costing  work  ahellbe  on  the  jobsite  prior  tn  10  iirrh. 
Cue  to  the  lesa  time  required  for  manufacturing  and  transporting  of  Tne  hereinafter 
opec f  f  f  40 . 1 8388  and  fiberglass  matarlala.  tht  Contractar  etsll  mual  vurcu.t  orofra 
to  thg  Sgntrts.Urm  ilUlstf  loalctUna  jum_thaaa  nmuiiuiAM  prutrea  juxiualJS.  java 

attar  rtcalnt..bv  hip  of  notice  to  proceed,  materials  shall  be  protected  at  ell  tires 
to  prevent  damage/  contamination,  and  fraaiing. 


5.2  £aaaaX. 

Cement  shall  conform  to  ASTM  C  150.  Type  1  or  11.  low  alkali/  including  false 
•tart reqgl ramanta.  The  Contractor  ahall  provide  suitable  cement  certificates 
Showing  that  the  chemical  and  physical  properttaa  of  cement  delivered  to  the  Jobaite 
••at  opacified  raqui  ramanta.  Tha  temperature  of  the  cement  shal-l  be  below 
159  oegraes  f.  at  tha  time  It  1*  uaao.  Cement  ahall  be  used  within  b  months  of  the 
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u « '  t  of  irtnufactwre,  icwent  ihmi  nat  been  aipoaetf  to  aoi  ilurtr  contain*  lumps,  op 
u»t  as  ihlppeo  to  the  job  ette  In  opt ntd  pichigtl  shell  be  reaovtd  fro*  thf  project 
ano  not  used  In  into  »ort, 


S.i  tamLiLMCXk. 

tauitturei  sh.»tt  conform  to  ASTM  C  4U4,  Typo  8  or  Typo  D.  *  1  f-tn  t  r  *  1  n  I  ng 

A-dml  *  1  utn  and  icctltnlon  shell not  _be utcu.  It  Shall  bo  tho  Contractor*! 

r# ipona I o 1 1 1 1 r  to  bo  cortain  that  any  ooml a t uraa Vtoa  shall  bo  compatible  with  t n ■ 
ca«ent  and  Utca, 

*>.4  flAiXX  ■ 

•tator  snail  bt  clean  and  fre*  from  injuries  chemicals.  Potabls  aitor  say  bo 
used. 

5.5  Lattjl. 


Latoa  aiL«-LI _ n»  'tiftn  Cement  Modifier  SH*  formulation  containing  approo I aiot *  1  y 

Su  percent  aolioa  with  an  antifeamtng  auditive  available  fro*  Dow  Chemical  with  a 
tales  office  In  dellevue,  w*,  Telephonel  (206)455-7250,  Mr.  Doug  Heed.  Ha 

am.Oi.j_I.ul  lap _ far  the  late*  material  will  be_allowed..  Sewaral  years  of  aatenalva  and 

time  consuming  testa  have  already  been  conducted  on  ntaee  containing  latas 
formulations  equivalent  to  the  one  apaclflad#  and  tha  Government  would  require  more 
time  then  the  contract  period  allows  In  order  to  approve  a  aubstltuts  •atsrlsl. 

5.0  F  Ineralile  F I  hers . 

Fibers  shall  Os  a  1  ng  I  e-s  t  r  and,  eu  1 1 1  p  I  a- f  I  I  ament .  si  kell-resj  ej  *nt_  f  1  berg  I  ass  tor 
use  In  cement  costings  a*  produced  by  Uwena  Corning  Fiberglass  Company, ~[f  Tbergl  eae 
Tower.  Toledo.  UN  43659,'  telephonel  *  (419)248*6632,  Mr.  n,  J,  Molloy.  The  fiber 

length  for  the  spray-up  coating  ahall  be  appros  I  met  e  I  y  J  to  a  Inches.  tin 

■substitution  for  the  fibers  will  be  allowed.  The  Government  has  already  Conducted 
several  years  of  Tong  and  attentive  taste  with  mlsea  using  the  apaclflad  flbara.  and 
more  time  than  the  contract  period  allows  would  be  required  for  approval  of  a 
substitute  material.  acquisition  of  this  material  Is  subject  to  conditions  Imposed 
by  Uwena  Corning.  It  ahal  I  ba  the  Contractor's  responsibility  to  satisfy  tha 

conditions  of  Purchase  of  this  material. 


5.7  6  uu  ix  us  lea. 

Clnly  fine  aggregate  will  be  used  for  the  ohotcrote  ml*.  Tho  eggreomto  shall  bo 
obtained  from  the  liovarnsenfovnad  stockpile  just  upatreem  of  tho  da«  at  tha  location 
ma'cetea  on  the  drawings.  the  aggregate  la  100  percent  manufactured  end  washed 
material  produced  from  larger  gravels  and  stockpiles  several  years  ago.  Typical 
gredet'.one  of  the  stockpiled  metarial  as  they  ware  taatad  laet  year  and  used  In  a 
small  iprav-up  trial  era  listed  at  the  end  of  this  paragraph,  Frottn  lumps,  organic 
material,  overslced  rock  and  other  foreign  materiel  shall  ba  rsmovad  fro*  tho 
mseregato  before  it  is  used.  The  Contractor  may  elect  to  acroon  off  tho  coorsor 
material  and  uea  only  that  aggregate  which  is  finer  than  either  tha  ho.  *  or  No.  8 
sieve.  The  Corrector  shall  perform  any  required  processing  of  Covornment-f  urn!  shod 
aggregate  prior  Co  tho  start  of  sprey-up  coating  application.  Subject  to  approval  by 
the  Contracting  Officer's  Hepresentat I  ye,  the  Contractor  may  substitute  for  tho 
Government-furnished  aggregate  a  prepackaged  allies  sand  typically  used  In  aprsy-gp 
mating  applications  and  furnlahsd  by  an  eetablithao  auppT?e~r,  ' 

TYPICAL  FINE  AGGREGATE . GRADATION  FROM  THF  GO  WF  HNMF  W  T  STOCKPILE 


Sieve  Designation,  U.  9. 
_ at»udAxd_aflu8£8_B*jft_ 

3/6  in.  (9.5*m) 
ho.  4  (a.75*m) 
ho.  8  (2.36mm) 
ho.  16  (1.16mm) 
ho.  30  (0.60mm) 
ho.  SO  (0.30mm) 

No.  100  (V.lSmm) 
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CC  A 1  1  nG  F  uKHUL  A 1 1  Li N 


Th*  f  ormu  1  •  t  i oft  for  the  aprey-up  coit  tng  shall  be  *s  given  uelo*.  «lnor 
variations  m #y  be  Approved  or  directed  by  the  Contracting  officer's  h epr ee en t a t t v*  in 
the  field  to  fit  aPecitiC  conditions  eaietlng  et  the  t I me  of  plicf*«"(i  Iheee 
varietione  ere  primarily  intended  to  take  Into  account  moisture  variations  oue  to 
evaporation  and  the  desree  of  moieture  in  the  aggregate,  Ihey  ray  also  be  uaed  to 
adjuet  for  actual  apecific  gravltlee  of  the  aggregate  uaed  ana  to  provide  the  proper 
edmiature  effecte,  A  change  to  different  cementa  or  a  apaclal  cement  euch  ai 
Type  ill  or  Type  K  will  be  approved  only  if  the  quality  o*  the  finiah  product  mill  be 
at  leaet  that  which  would  have  been  achieved  with  (he  apecified  co'tnti  and  only  If 
the  propoaed  cement  hae  demonetreted  Ita  Propertiea  ang  performance  for  the  aeme  type 
of  appliCatione  in  the  peat.  It  will  be  the  Contractor 'i  reapona 1 b t 1 t t y  to  document 
euch  a  propoaal  In  writing.  Approval  te  subject  to  the  Contracting  uff>cer*s 
evaluation  and  ie  not  guaranteed. 


_ ute _  aum 

eater  inb 
Cement  17i0 
Flbera  117 
Late*  bi 0 
Fine  Aggregate  I  660 
e.H  ,  A,  *  (oi)  7  b 


ttUXtl  1  Fine  aggregate  batch  weighte  ehell  be  ediueted  for  moieture  ano  apecific 
gravity. 

2  The  dotage  of  h.H.A.  may  vary  contlderebly  oePenoing  on  the  aource  ana 
concontrat ion. 


7.  SURFACE  PREPARATION. 


7.1  fcUftCftl. 

Prior  to  opplying  tha  aprav-up  costing,  tho  surface  ehall  be  prepared  by  _ removing 

e H _ looee.  unsound,  end  friable  eeteriel  end  by  r,»o ying  all  surface  conn«ln>ntt 

euch  ee  duet,  eilt,  old  curing  compound,  organic  growth,  etc.  The-  turrose  of 
mpp  1  y  i  ng  the  coating  it  to  prevont  c  oVtT  nue  d  'Si  CerT  or  it  Von "  o  f  the  morter  portion  of 
tho  concrete.  Ouo  to  tho  dot  or  I orot I  on  thet  hoe  occurred  to  date,  much  of  the  morter 
is  very  poor,  crumbly,  end  friable.  AI 1  of  this  unsound  materiel  shell  be  cjjnglaicljt 
removed  prior  to  application  of  tha  coating.  However,  the  Contractor  nil)  not  ne 

reaulcefl _ LO _ remove  unsound  materiel  to  depth!  greeter  then  1-1//  inches  from  tn«_ 

originally  formed  vertical  well  surface.  It  le  eapected  that  the  average  depth  of 
removal  of  deteriorated  materiel  will  be  from  1/6  Inch  to  J/8  inch  as  measured  from 
the  ealating  surface,  A  cleaning  method  or  combination  of  methooe  thet  safely  end 
thoroughly  performs  this  cleaning  without  undercutting  eaposed  eggrepete  ie  reauireo. 
The  procedure  used  will  be  subject  to  the  approve!  of  the  Contracting  Officer  after  a 
field  Oemonetret ion.  Some  possible  c leaning  procedures  ere  hfgh-preeeure  weteTJYt  *>" 
ai rvweter  cutting,  sandb  I  set  I  ng,  mechanical  brushes,  or  e  combination  of  these.  In 
addition,  some  manual  cleaning  may  be  neceseery  with  pneumatic  chipping  guns, 
bushhammers,  and  hand  tools.  Satisfactory  measures  ehell  be  taken  to  protect  the 
eapoeeo  surfaces  of  embedded  metal,  the  painteo  surfaces  of  the  lift  gates,  ano  the 
Staff  gauges  from  damage  caused  by  the  Contractor's  operations.  If  e  lockage  occurs 

between  the  time  thet  surface  preparation  ie  completed  ano  the  time  thet  the  coating 

te  to  be  applied,  the  surface  shell  be  hosed  down  with  wash  water  end  th»  surface 
Shall  air  dry  pest  the  point  that  there  It  no  free  surface  moieture  prior  to 
application  of  the  coating.  The  Contractor  a#y  do  the  majority  of  surface 

preparation  between  lockages  well  in  advance  of  the  ehotcrete  costing  application 

date.  However,  e  final  cleaning  during  the  lock  outage  period  end  just  prior  to  the 
actual  application  of  aprey-up  materials  shall  be  necessary.  Acceptance  of  surface 
preparation  will  be  determined  by  the  Contracting  Ufficer's  Represent et i v«  at  the 
time  of  epplicetlon. 
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’•1.1  &irri:tticx_LyiIiafl 


4i  r**me'‘  cutting  stall  fre  p*r  f  ormeo  *»  i  t  h  en  *ir-w*ter  Jet  to  e*pose  clean#  touno 
•*ujreg*»te#  but  not  eo  •  *  to  unviarcut  the  c oyti  o ♦  the  larger  particle*  of  eOgreuet*. 
Ut  «tr  prniurc  used  in  the  jet  *hell  be  »t  lee»t  £  0  0  p.*.1.  end  the  Meter  prdiurt 
sneil  b«  juet  sufficient  to  bring  the  w«ter  Into  effective  Influence  of  the  efr 
pressure,  After  Cutting#  the  eurfece  thell  be  Method  end  rfneed  until  there  i»  no 
tree*  of  clouuine**  in  the  M«ih  water.  nhere  neceetery  to  remove  eccueuleted 
costings,  stein*  end  debrle#  »et  sandblasting  mey  be  required  ee  the  loot  operation 
before  piecing  tn#  eoreyup  coating. 


aiutlzZttMluLtUiALtZ-Jtl  • 

A  stream  of  under  e  pressure  of  not  lets  then  6#$00  p,*.i,  mey  be  ue#d  for 

cleaning#  eacept  thet  if  the  preeture  ie  found  to  ceuee  undercutting  end  to  remove 
excessive  materiel*#  the  Contacting  Officer'*  Representet  i  ve  will  direct  thet  the 
pre**ure  be  reduced.  If  the  Meter  Jet  i*  incapeble  of  eetiefectory  cleaning  end  it 
i*  not  undercutting  aggregate*#  the  pressure  *hel l  be  increeeed  or  e  supplemental 
method  of  cleaning  ehell  alto  be  used,  Ihe  Meter  jet  equipment  shell  have  e  rated 
capacity  of  et  least  10#000 

i.i  ncX-b&naXilAiXi&a. 

•et  sandbieating  *h*11  be  continued  until  unsound  materiel  fs  removed  end  until 
ell  costings#  stains#  ana  debris  ere  removed.  7 he  eurfec#  of  the  concrete  ehell  then 
•be  Meshea  thoroughly  to  remove  ell  loose  materiel.  Send  emitted  under  high  preeeure 
from  bleating  noulta  shall  got  make  direct  contect  on  eny  metel  eurfecee. 
Protective  meesuree  shell  be  teken  such  ee  covering  the  eurfecee  with  plywood  or 
other  approved  methods  in  order  to  comply  with  this  requirement.  Spent  bleating  send 
shall  be  prevented  from  drifting  end  landing  on  machinery  end  on  the  greeee*coeted 
cable*  Mhfch  operate  the  lift  gate*. 

7. it*  ettMoiuL Ux.axaa. 

mechanical  cleaning  of  the  concrete  Surface  by  means  of  special  Power-driven  tar.a 
wire  brushes  or  <t>r«d«ri  assigned  for  thet  purpoao  will  ba  allowed  if  thay  remove 
oniouno  notarial  and  if  they  raaova  oil  coatings,  steina,  and  oabrio  without 
fracturing  ana  dialodging  large  aggregate.  Abrading  in  aora  than  one  direction  Mill 
proCably  Da  necessary  In  order  to  do  a  aatiafaetory  Job.  After  bruahing.  the  surface 
ahall  di  Maanao  thoroughly  to  raaova  all  looaa  materiel,  duet,  and  dabrla, 

7.i.i  ti.JLfl_iifcBODair.tlaD. 

Ihe  Contractor  ehell  oeaonatreta  tta  ebility  to  aeot  apec i 1 1 . e t i on  radulraaent. 
for  aurfaca  preparation.  The  field  oeaonet rot  1  on  ahall  bo  performed  on  a  alniaua 
bO'eouere  foot  area  of  existing  concrete  within  the  lock  chaabar  that  vll)  later 
receive  aprayup  coating.  Ihe  oeaonet  rat  Ion  ahall  ba  parforaad  at  approx  i  eat.  I  y 
elevation  530.0  at  a  location  aelected  by  th«  Contracting  Ufflcar'o  Represent at  1 va. 
Demonstration  of  aurfaco  preparation  ahall  bo  performed  In  the  preeence  pf  the 
Contrectlng  Ufflcer'a  Represent et 1 ve .  The  Contracting  Officer  ah. II  be  notified  ot 
leeat  7  oeyo  in  advance  of  the  doy  the  Contractor  aolecta  to  perform  the  field 
oeaonet rat  1  on  ao  that  the  bovernaent  can  aak.  proper  arrangement*  to  provide  the 
Contractor  a  aaaiaua  of  *  houra  undisturbed  use  of  th*  lock, 

7.1.6  &Bfc8Xoafcpi_JU.fc«oApa..t*B«cl.a6fc  • 

Iho  Covarnaont  hat  observed  vorioua  cleaning  techniques,  methods,  ana  eoulpaent 
veto  to  remove  unsound,  loose,  and  friable  material,  froa  th.  deteriorated  lock  aall 
aurfaca.  Ihaa*  include  previous  contractor  efforts,  specific  trials  don*  under 
purchase  order,  and  first-hand  experience  by  Covarnnant  paraonnal.  Th*  following 
comments  ar*  a  brief  summary  of  what  ha*  bean  observed.  They  era  mad*  for  general 
bacugrouno  information  only.  Thoy  ahall  not  bo  construed  0*  an  endorsement  or 
disapproval  of  ony  equipment  or  eloenfng  methods.  They  rapraaant  an  opinion  baaed  on 
limited  experience  Out  ore  offered  hor*  ao  that  Cha  Contractor  hoa  the  benefit  of  oil 
information  available  to  the  bovernment, 

(t)  Atr-weter  cutting  at  low  presauroa  (approximately  70  p.a.f.)  will  remove 
only  ao*e  of  the  loose  friable  materials. 
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12)  *#r\y  «r»M  h«v«  •gur*U«tt»  typlc*l  1  y  1-1/2  to  J  In  IU(  tn»t  protru<je 

Out  up  to  about  1/4  Inch  p**t  »h«  depth  of  utttr'l  or«t  concrete.  |r. ate  ire 

•  Uaya  tightly  bonatcJ  ana  oo  not  n*ea  to  be  reirovid, 

<5J  Htgh-prniurt  Motor  Jot  equipment  copooto  of  pnsiurei  up  to 
10,000  p.t.l,  con  ro«*OVO  *oit  #11  of  the  unsound  frioblo  ^atorlolt*  l  nr  Mjorlt  y  Oi 
M  comoo^off  very  rood 

(4)  Light  oondblooting  moo  rolttivtly  ineffective  in  removing  ill  nece»t«rr 
notort o 1  . 


(5)  Atr-oporotod  wire-brueMng  equipment  eeeily  pouero  out  when  ^reneo  tightly 
onough  to  tho  hoI {  CO  gougo  between  o -PooeO  •ggreyete,  It  to  outtoblo  for  buffing 
off  dried  elgee#  end  eurfeco  cont em 1 nent • , 

(6)  Tho  rotory  typo  of  hond-holo  ond  oir-oporotod  mochontcol  eoreuer  reixovei 
untouno  ootortolo  oot 1 • f ec 1 1  or  1 1 y  If  onough  olr  It  ovotloblc  to  power  it#  ond  until 
lorgo  oggreooto  It  exposed,  It  It  difficult  to  work  over  lorgo  ogoregote  Pieces  to 
offoctivoly  remove  unsound  meterlolt  between  the*. 


(7)  Unsound  motoriolt  con  ofton  bo  pried#  chipped,  or  picked  off  of  tho  turtece 
In  obout  tho  lower  two-thirds  of  ths  lock  wtll  using  chisels#  sc rewqr 1 »e r s $  ena 
he*»ers,  Sometimes  the  msterisl  con  bt  pselod  off  with  bore  hand  ond  fingers,  it 
typically  will  fell  off  in  pieces  about  1/0  to  1/4  Inch  thick  ena  1/2*  to  lS-oquore 
inches  in  ores,  Exposed  large  aggregate  is  loft  oehind,  Aqoitionol  cleaning  between 
the  aggregate  is  eo*et<«es  necessary, 

7.2  £ii&tiao_UauxAt«.tUMXXfiai. 

7.2.1  fiaofll.,Ub_S. 

The  surface  of  monolith  1  has  b •  •  n  coateo  with  various  types  of  sp r»|f*up  coetinue 
unoar  a  pravioua  contract.  Portions  of  theaa  coatings  nave  become  ircin t*o  fro*  the 
lock  sail  and  shall  be  removed  before  t ha  new  coating  is  applied.  The  surface  of 
aonolith  9  mss  divided  into  eta  (dual  wloth  test  panels.  Two  of  the  panels  wars 
constructed  of  conventional  ahotcrete.  Four  of  the  test  panels  wars  constructed  of 
fiberglass  reinforced  ahotcrete  (two  with  latea  additive).  It  a<av  be  difficult  to 
raaova  the  loose  portions  of  these  coatings.  The  aatarialt  have  h tgh-f  l  exura I 
strength  and  toughneee.  tvan  though  they  could  ba  totally  dabonoeo  in  eo*e  areas, 
they  will  hold  tightly  to  tha  bonded  material  aurrounoing  them,  all  unbonoeo 
jatarlal  shall  ba  removed  and  the  bonded  material  may  rutin  In  pltca^  after  removal 
of  the  unbonded  coating  arses,  the  entire  surface  of  aonolith  9  anall  ba  cleaned  eno 
coated  with  the  tprey-up  aataria). 


7.2.2 

Tha  sxlatlng  tprty-up  panala  on  monolith  9  have  baan  core  drilled  at  locations, 
.Tha  core  holes  era  3  inches  in  oiamatar  and  t  to  10  inches  in  depth  and  shall  be 


wi-ttL  x  ha  ap.r  ayjuo  jiat  agjiis 

7.3  ffiitmiJaat -Emjttilan . 


Concrata,  grout,  and/or  apoxy  mortar  patchex  cover  the  enoe  of  preatreaetng  root 
inatallad  in  aonolitha  5  and  b,  A  contract  in  1970  repaired  moat  of  the  deteriorated 
patches  by  removing  unaound  material  ana  eceling  or  replacing  them  with  epo»y  mortar. 
All  unsound  material  shall  ba  removed  fro*  deteriorating  oatchea.  when  the  removal 
of  unaound  material  exceeds'!  Tn'ch  1  n~*dapt1?'  I  Key*  a"hil  I  "oa  "b'CTi’1  i  back  with  orv  pacx, 

ahotcrete.  or  an  soorroved  epoxy  mortar.  Photoaraoha  on  TK1  drawl  nffl - irfiTTC — tug 

patches. 


7.«  ifcUXAaa-e,iat-At£XW. 

*  yellow  atrip  of  epoxy  paint  la  located  an  both  ends  of  the  Interior  face  of  the 
lock's  south  wall,  Tha  0*foot  wide  vertical  atrlpaa  siteno  from  the  top  of  the 
parapet  wall  to  tsllwatar  level.  Ihe  portion  of  tho  painted  stripe  bale*  the  level 
of  tho  roadway  dock  shall  receive  surface  preparation  as  epecifteo  for  concrete 
aurfaeaa  and  all  loose  point  and  paint  bonded  to  unaouno  astarlal  shall  be  removed. 
Paint  which  la  tightly  bonded  to  aound  material  may  remain  in  place  ano  tha  tprty«up 
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coui\r.y  »  at  er  i  *  I  6  h  *  1  I  i*  «pplleo  over  ft.  Stripe*  •  **!!  ue  repainted  ••  apeciftsd 
in  pereur#P^J  htHLAtl  NP*1  STnlHtS. 

1 .  5  LcJunj.s_L-Lii.aAaJ.. 

•'aite  ana  »e*h  water  fro*  surface  i  r  epa  r  a  t  1  on  i  of  the  lock  well  *h*11  oe 

control lej  to  « t n i m 1 / e  the  amount  of  materiel  that  enter*  the  lock  che*bera  Th* 

Contractor  *h«l|  provide  a  catch  or  trough  at  the  bate  of  th*  ere*  being  cleaned  to 
trap  material  being  removed*  waete  Meter*  end  tend  fro*  sandblasting  operations.  Tha 
trough  shall  extend  out  into  the  Iocs  chamber  at  least  6  feet  from  the  lock  face* 
snail  hive  at  least  2  feet  of  freeboard  above  the  too  of  Oebri*  accumulation*  in  ft* 
shall  provide  for  aratnage  through  a  screen  for  any  »a*h  Meter*  end  shell  *st*no  at 

least  6  feet  in  the  upstream  and  downstream  directions  past  the  ere*  being  cleaned. 

Collected  aeons  shell  be  disposed  of  et  the  west*  dispose!  eree  indicated  on  th* 
drawing*. 


tt.  APHL1CAI1UN  Oh  SPRAY-LP  MAUK1AIS. 

а. i  an  cahol  a. 

The  Surface*  to  receive  iprsy-gp  costing*  shell  be  prepared  as  specified  in 
paragraph!  SUHf ACfc  PHiPAWATIQh.  The  prepared  dress  shell  be  coated  with  thf 
required  eprev-up  system  within  a  weens  after  its  prepsritlofy,  In  addition*  if  the 
prepared  surface  ha*  gone  through  a  lockage  since  fine)  wash  down  after  completion  of 
the  preparation*  it  shell  be  reweaheo  prior  to  the  application.  The  surface  shell  be 
araineo  and  without  visible  free  surface  water  et  the  time  th*  coatings  are  applied. 
A  "saturated  surface  dry  condition*  or  drier  is  required.  blowing  with  compressed 
air  to  facilitate  drying  may  be  required  to  obtain  this  condition.  The  surface  to 
receive  the  apray-up  coating  shell  not  have  been  inunqeted  by  water  in  the  lock 
within  6  hour*  prior  to  applying  the  coating, 

б. 2  A*AU.A£l£_£jU2££.LiA£. 

The  use  of  fiberglae*  fibers  in  *sprey-up”  applications  it  relatively  new*  but*  it 
it  an  accepted*  common*  end  standard  procedure  in  some  parts  of  the  country.  The 
aaaition  of  latex  to  the  process  is  on#  further  refinement.  Two  sources  of 
information  concerning  the  process  ana  its  application  erei  (1)  bud  Molloy* 
Reinforced  Cement  Marketing  Uivteion*  Uwen*  Corning  fiberglass*  fiberglass  Tower  £6* 
Toledo*  Ohio  43659*  Telephonel  C  Hi  9)249-8832  end  (2)  Ules-Con  Inc.*  General 
Contractors*  9320  James  Aye.  South*  Minneapolis#  Minnesota  55431* 

Telephone:  (612)0 61-5887.  These  references  have  given  permission  to  list  their  names 
as  sources  of  assistance  end  generel  information.  However*  any  axchange  of 
information  oetween  the  Contractor  end  these  sources  is  strictly  between  the  two 
parties  end  should  not  be  construed  to  be  e  pert  of  this  contract. 

6.3  hxtfMna  infl  Mixing . 

9.3.1  Cgnere  1  . 


The  Contractor  shell  provide  an  on-sit*  dependable  batch-type  mixing  plant  end/or 
volumetric  batching  end  continuous  mixing  plant.  The  aquipmant  shall  be  capable  of 
*  combining  the  aggregate*  cement*  admixture*  latex*  and  water  into  e  uniform  mixture  a 
and  of  discharging  this  mixture  without  segregation.  Adequate  facilities  shell  be 
provided  for  the  eccurete  measurement  end  control  of  each  of  the  materials  entering 
the  shotcrete.  The  complete  plant  assembly  shall  include  provisions  to  facilitate 


the  inspection  of  *11  operations  at  ell  times.  Tha  Contractor  shall  have  available 


jobsite  any  required  at 


and  supplies  necessary  to_ 
ay-up  operations. 


0.3.2  Arim ill uf* . 

An  accurate  eystem  for  measuring  and  dispensing  the  admixture  shell  be  provided. 
The  eyetem  shell  include  a  device  visible  to  the  plant  operator  which  will  datact  and 
Indicate  the  presence  or  absence  of  flow  of  the  admixture*  or  there  shell  be  provided 
e  convenient  meene  for  the  plent  operetor  to  visually  observe  the  edaHxture  in  the 
proceea  of  being  batched  or  discharged.  A  graduated  beaker  or  flask  may  be  uted  to 
measure  end  batch  the  admixture  for  smell  (lees  then  9«cubic  foot)  batches. 
Admixture  ehell  be  added  to  the  mis  simultaneously  with  the  weter. 
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0.3.3  ncAu£_a*iuiLoa_  adO_^1  Aloa 


The  Ditching  •  n  a  filing  plant  Tor  shotcrete  s  h  e  II  provide  Lin*  or 

*  coi»p*rt<«er\ti  for  aQgregtt  •  ano  cement.  The  compartment  i  »n«!l  ie  of  *mp  I  e  »i/e  tno 
•  o  con»truct*o  that  t  ►»  *  Mttrlil  l  will  be  *a1nlilr>ag  leparatvd  wf-oir  ell  wording 
congltloni,  Cement  ehell  be  weighed  whether  on  *  aeparete  ici I e  or  c w u 1 e t i v e I y  hit r  * 
the  aggregate  1b  e  eeperete  compartment  attached  to  the  aggregate  weighing  hon-er. 

If  cement  It  weighed  on  the  mm  acele  ea  the  aggregate*#  the  cement  ehell  be  -elgrea 
first  end  ell  hoppers  ehell  be  empty  end  the  tcele  ehell  be  in  balance  before  the 
weighing  it  begun.  Cement  may  be  batched  r> y  full  t>agi  aiiuming  that  one  bag  equal# 

94  pounds.  eater  and  latex  may  b#  maaaurto  by  weight  or  by  volume.  Latex  most  d« 
thoroughly  mixed  before  and  during  tha  time  any  arum  of  It  Is  ueed.  If  not  kept 
agitated  by  thorough  Initial  mixing  end  periodic  stirring  afterwards#  the  solloi 
portion  and  ant i-foamlng  agent  may  eeperete  from  the  water  in  the  blend.  If  measured 
by  weight  It  shell  not  be  weighed  Cumulatively  with  any  other  Ingredient.  The  plant 
shall  bs  arranged  to  facilitate  the  Inspection  of  ell  operations  at  el)  t^ei. 
Facilities  shell  be  provided  for  readily  obtaining  rep r e sent  at i ve  samples  of 
aggregate  from  each  of  the  bine  or  compartments.  delivery  of  materials  from  th* 
batching  equipment  ehell  be  within  the  following  limit*  of  accuracy  for  each 
material  I 


CUlAIUlAi  taXLAnl.JL*-ll£lfliLL 


Cement 

4 

fceter 

4 

Aggregate 

6 

Adm 1 x  t  ure 

0 

Latex 

4 

* 

Fibers 

7 

8. 

3  •  **  iaiua«-tU.c_IUCciaaa_»afl_IJlilna. 

If 

volume  proportioning  plant  ie  e. ployed 

#  devices 

euch  as  counter*# 

cel i br*t  *d 

gat. 

opening*,  end/or  flow  .et.r*  ehell  o* 

aval  1 <o 1 e 

for  controlling  end 

oetermlMng 

th*  quantities  of  the  Ingredients  dlecherged.  In  operation#  the  entire  measuring  mo 
dispensing  mechanise  auit  produce  the  specified  proportions  of  seen  ingredient.  All 
Indicating  devices  tnet  beer  on  the  accuracy  of  p ropo r 1 1  on  1 ng  *no  mixing  of  enotcret* 
shell  be  In  full  view  end  near  enough  to  be  reed  by  the  operator  while  concrete  is 
being  produced.  The  operator  shell  have  convenient  access  to  ell  controls.  The 
proportioning  end  Indicating  devices  shell  be  Individually  checked  by  following  the 
equipment  m mu f #C t u r e r 9 s  r ecommendet 1  on s  #•  related  to  each  Individual  shotcrete 
batching  and  mixing  unit.  Adequate  standard  volume  meeeuree#  scales*  end  weights 
shell  be  made  available  for  checking  the  accuracy  cf  the  p ropo r t i on i ng  mechani**. 
Tolerances  for  volumetric  batching  shell  be  the  tame  at  they  ere  for  weigh  batcMng. 
Continuous  mlxere  ehell  be  an  auger-type  mixer  or  any  other  type  testable  for  mixing 
shotcrete  of  the  mix  proportions  given  to  meet  the  required  conelatency  end 
uniformity  requirement!,  tech  batching  or  mixing  unit*  or  ooth#  *h#l|  carry  in  a 
prominent  piece  e  metal  plate  or  plates  on  which  ere  plainly  marked  the  gross  volume 
of  the  unit  In  terms  of  mixed  shotcrete#  discharge  speed#  end  the  we \ ght -c a  1 i brat  so 
constant  of  the  machine  In  teres  of  e  revolution  counter  or  other  Output  Indicator. 
The  sixer  shell  produce  e  thoroughly  mixed  end  uniform  shotcrete.  The  batcher-mi *er 
unit  shell  contain  In  eeperete  compartments  ell  the  neceeeery  ingredients  needed  for 
the  manufacture  of  the  shotcrete.  The  unit  shell  be  equipped  with  celibreteo 
propor 1 1 0n  1 ng  devices  to  very  the  mix  proportions. 

6.3.5  flAiuuna-LUiArj  - 

Fiber*  of  different  types  have  been  successfully  added  to  shotcrete  by  e  number  of 
different  technique..  Th.  Govern.. nt  hee  had  «>p. Hence  in  the.,  procedure..  1  he 
ectu.l  procedure  ueed  .h.ll  be  deter. Into  by  the  Contrector  end  ehell  be  hit 
reponeibl  H  ty.  Th.  procedure  ueed  ehell  be  »e  t  i  e  f  ec  t  o  r  I  I  y  ononel  r«leo  in  me  Help 

before  .PDrou.l  foe  MWtUM  oo.r.tinne  n _ OtAOl «fl.  Tiber.  (or  the  .prey-up 

proc...  h.v.  been  eucc... fully  added  at  the  note!,  by  chopping  the.  fro.  .  reel  of 
continuous  etr.nd  while  el.ul  t.naouly  .preying  th.  eort.r.  Proc.oure.  for  fiber 
addition  at  th.  nonl.  .hall  be  .uch  that  th.  tlo.r.  are  unifor.ly  dfetrfbutao 
throughout  th.  eort.r  ..trie  without  l.ol.t.u  conc.nt ret  1  one  or  hollo. y*.  If  the 
Contractor  propo...  to  add  th.  flb.r.  to  a  dry  or  w.t  *!e  during  the  batching  mo 
■lelng  or  d.llv.ry  proci.li  th.  Contractor  «u.t  d.vfa.  .quip.ent  and  technique.  that 
will  prevent  .ny  fiber  clu.p.  fro.  .nt.rlng  th.  line,  .no  .u.t  prevent  th.  individual 
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filament*  i  »>e  J411  9 1  r  *  'T  a  fro*  t(  p«f«t  |  rg,  Mt)»n  shall  not  be  a  oo«  d  to 

41  ^  y  jr  y  or  ..rt  nu  At  «  ^  ,tf  iiki  rr  t  r  a  r*  tney  can  O  •  ult^oco  with  th#  Olh«r 
>n^rfoi«ntl  without  f  or«  J  tails  or  clu-pA,  bulk  f  *  l  -a  r  •  t  hit  hSva  •  t  i^cJenc  y  to 
tanjle  tojf  iher  «n«l  I  p  a  1 1  through  •  ollir'tJytor  OP  ba  Carefully  ajftad  Into  thi  i*ti 
So  thwt  (hey  fnt*r  1  t  a  ■  1  noi  v  1  OmA  I  e  and  not  ••  c  )u*p»,  UM  f  <cul  M  f  •  hay# 
teen  encountered  in  t*e  p«it  -hen  at  t  c*4't  1  ng  to  Add  fiberglass  fiber#  Into  a 
convent  1 Oo a  1  A^otcrete  proteit. 

0  .  i  .  b  ftfeX-£lA^UtIjJltXX-LCfi£ft*l. 

Accumulations  of  lumps  ana  hardened  material*  1  n  the  ni  1  log  And  (Ja  I  I  »#ry  equipment 
«ill  not  ue  Permitted.  After  completion  of  mining*  th#  ml*  shall  be  m  a  t  e  r e  d  Into  a 
delivery  nose  anu  conveyed  ty  compressed  air  or  a  pump  to  the  nozzle,  The  compressor 
or  pump  Shall  be  capable  of  providing  Sufficient  nozzle  velocity  for  adeQuate 
compaction  of  tne  ahotcrete  at  all  elevations  of  operation  that  may  Pa  reau1r*d, 
«»h  an  necettary  a  ul  o-*by  pipe  anal)  ce  provided  for  cleaning  the  turf  ace  and  cleaning 
a«Ay  reDQunu. 

e.i.7  uiu_i:j_»^utliier»_txo£.£3». 

Accumulations  of  hardened  materials  in  the  mixing  and  delivery  equipment  will  not 
ue  permittee,  Ine  moiature  content  of  the  land  ehell  be  auch  that  clumping  of  the 
"ury"  mi*  does  not  occur  ana  10  that  the  mi*  *>111  flow  through  the  delivery  hole  at  a 
uniform  rate  without  slugs,  Dry-mix  oelivery  equipment  ehell  be  of  deaign  and  aize 
>hith  has  given  good  reaul t*  In  similar  work.  It  shall  be  capable  of  delivering  th# 
premised  materials  accurately*  uniformly  ana  continuously  through  th#  delivery  hose 
at  a  velocity  of  300  to  U00  feet  per  second.  The  discharge  nozzle  shell  be  equipped 
with  a  manually  operated  water  injection  tyatem  (Mater  ring)  for  directing  an  even 
distribution  of  water  through  the  delivered  mixture.  The  water  nozzle  shall  be 
capable  of  reaoy  Adjustment.  The  air  compressor  shall  be  capable  of  maintaining  e 
supply  of  clean*  dry  air  adequate  for  maintaining  sufficient  nozzle  velocity  for  all 
parte  of  the  work  and  for  the  simultaneous  operation  of  e  blow  pipe  for  cleaning  Away 
rebound.  Application  of  fiberglass  reinforced  ahotcrete  through  the  dry  mix  process 
nas#  at  beat#  had  marginal  success  in  the  pest.  Use  of  latex  In  the  mix  further 
complicates  the  problem.  It  could  be  handled  through  e  separata  "water”  ring  at  the 
nozzle.  Despite  past  difficult!##  with  this  method  of  application  for  glaee-flber 
mixes#  it  can  be  much  taster  ana  more  economical  than  th#  spray-up  method. 
Therefore#  if  the  Contractor  can  adeauetely  demonstrate  #  special  dry-mix  delivery 
metnoa  that  cen  evenly  mi*  and  apply  the  specified  costing  formulation  end  obtein  th# 
same  quality  results  as  the  standard  method  of  application  the  Contracting  Officer 
will  approve  its  use. 


V,  appl  ICA ! lun. 


f-l  tCXfififififil# 


'f.l.l  kUJllUCJUfl!)  • 


I  h#  spray-up  coating  shall  be  pieced  only  by  operators  skilled  in  tMl  type  of 
work  using  th#  ##m#  kind  of  equipment  to  be  used  by  the  Contractor,  Lech  foremen 
shell  have  h#o  at  leaet  2  veer#  experience  #e  %  shotcrete  npzzleman.  At  le#«f  of 

t  he  nozzlemen  shall  have  eervAO  at  least  fr  month#,  apprenticeship  on  similar 
appl JL&VP ons  with  the  tame  type  of  equipment  to  be  u MMiU.  Ml  other  nozzlemen  shell 
have  hao  at  least  2  weeks  of  "henae-on"  training  end  shell  have  demonstrated  a  skill 

in  application.  At  least  5  day  prior  jo  conUcuct  1  on  _of  te»t  Pena  It  tile _ CoxUOULLfiC. 

ah  ell  suomit  written  documentation  indicating,  nhere  end  *han  each  npulsman  and 


foreman  obtained  hie  experience  end  training  In 

«pr ay-uP  colt  1  rig  |p,cm«a  >'«ro<nJ 


applying  coatinge  eiailer  to  the 


s.i.i  5ox*x=Ua-l**l— E*axlx. 

tech  ipny  up  ulacinn  cri»  thill  dtacoftrata  thi.tr  ..ttlllLy  to  perf or« 

eat  it  factor)  I  y  end  to  apply  coating,  of  the  required  quality  by  placaaant  of  taat 
panala.  1  ha  taat  panala  Mill  ba  avatuatad  by  the  Government  on  the  baaia  of  ralativa 
etrength,  thickneea,  fiber  0 i a t r i but i on,  ate.  One  aatiafactory  taat  panel  thot  in  a 
V. rural  nnniion  imll  ba  the  Minima  a  uali  fleet  ion  teat  for  each  crau  before  it 
u.ruiian  to  apply  lorav-uo  eoatinoa  in  paraanant  conat  rue  t  ion.  1  ha  taat  panel 
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p|«ce««n(  •*•!)  t>*  «Q*l**t  •  r^yood  turtle#  at  le*»t  *fet  t«  »re* 

provided  by  tht  Contractor,  All  t  jit  panel*  shall  or  *aot  in  l*e  pffimci  o  ♦  t  h* 

Contracting  U1Mc*r,l  Mepre aant at  1  v« • 


9.2  atuUx.ceLe_itto.UCAl_l.fll). 

9.2.1  teller  il . 

The  iprey-up  coating  shell  be  spplled  by  holding  the  nottla  et  such  e  Distance  ano 
position  t  he t  tho  e  t  r e  en  of  flow  material  shell  Impinge  ee  neerly  ee  prseiDte  et 
eight  englee  to  the  surface  being  covered  to  produce  e  spreading  effect  over  e  yell 

tree.  The  velocity  of  ofecherge  from  the  notiler  the  distance  of  the  noiile  Iron  the 

fece>  end  the  eeiount  of  vtter  weed  shell  be  regulated  to  produce  a  oenee  coetlng, 
without  sloughing.  The  work  platform  from  which  the  crew  ie  applying  t"e  coetlng 
Shell  be  wide  enough  to  allow  the  noula  to  be  held  the  proper  distance  fro*  the  lock 
well.  Rebounding  materiel  shell  be  removed  from  the  wore  area  end  disposed  of  at  tne 

waste  olapoeal  area.  The  coating  shell  have  a  minimum  thUiniee  of _ 1/6  1  nen  nestureo 

from  the  lock  well  surface  sslstlng  after  surface  preparation.  The  Contractor  shell 

provide  e  method  of  pot  1 1 1  va  1  y  <fe*onst  raETng- IfiVtTTT*- ~fVCJU1  r*"B  thickness  has  been 

obtained  end  the  thickness  shall  be  continually  Checked  during  application  of  the 
coating.  One  method  of  doing  this  Is  through  the  use  of  probes  stsbbeo  into  the  mis 
Immediately  after  application.  The  Government  reserves  the  right  to  sew  or  core 
random  erase  from  In-plece  ahotcrete  for  testing  end  to  verify  tne  required 

thickness.  An  additional _ i/6»1nch  thickness  of  spot  c  ret  i  nfl_»jjj_  be  roqu  I  red.  _et  no_ 

cost  to  -the  Government,  for  erase  found  tP  leck  the  r»ou1re~d  mYntmum  thickness,. 

9.2.2  ■ 

The  fiberglass  fiber  reinforced  epraywup  materiel  shell  be  applied  in  lever*  in 
order  to  obtain  the  required  thlcknese.  The  first  lever  will  os  e  thin  mortar  cost 
applied  without  fibers  and  pressed  Into  ths  wall  surface  where  necessary  to  insure 
complete  contact  with  the  axlstlng  concrete  surface,  Tne  fiber  reinforced  epravup 
coating  Shell  then  be  epplled'ln  et  leeet  four  successive  layers.  tech  layer  shell 
be  rolled  with  a  device'  similar  to  a  serrated  paint  rol  l e'r  having  e  herd  surface  in 
order  to  denelfy  and  smooth  the  surface,  lech  successive  layer  shall  be  applied 
before  the  aspiration  of  th#  ml*  set  time.  All  costing  sool  1 c et 1 on_ work  Shell 
BJLP9  rjLIJ_OQjfD«  arj)ULc°Jn_A  tleUftP—fl  t  ..1  fa  e_J  ac  k— »  *  U  *_  Lo  _c  r-d  ee.  ,t  o_aLP  micm»«Bs — to — t-tca. 
n«wl>._*pjUJ*d  -  cost  l/iga. 

9.]  Lift  Joints. 

The  Contractor  may  fill  th*  chamfers  at  the  dieting  horliontel  construction  lift 
joints  with  an  approved  method  auch  ee  dry  peck  *0  that  the  Joints  art  flush  with  ths 
lock  wall  surface  before  applying  the  Surface  coating.  Jt  will  be  acceptable  to 
leave  th*  chamfered  lift  Joints  et  1*r  without  filling  them,  end  only  cover  the  lift 
Joints  with  the  required  thickness  coetlng  et  long  as  an  acceptable  quelitv  of 
application  can  be  achieved. 

9.e  ttooaJUtU-JaiatM, 

The  eprey-up  coetlng  shall  be  discontinuous  echo**  each  vertical  monolith  joint  ov 
using  e  eheetmetsl  or  thin  plywood  baffle  or  other  approved  method  to  maintain 
existing  Joint  width*.  The  Contractor  shall  submit  lor  approval  his  intended  method 
of  Jointing  at  the  mpnpltth  Joints. 


10.  CURING  AND  PROTECTION. 

10.1  Curing. 

All  snollrmtlnn  of  slinltran  shell  be -Scheduled  and  cornel. t»«i  »n  that  earn  ares  nl 
comnlmtmd  application  !*  not,  subjected  to  moisture  within  3o  hourj  a f t e r — «p  1 1  ca 1 1  on . 
Curing  shell  be  eccoepl 1 ahed  by leaving  th*  completed  coating*  exposed  to  th*  air  ana 
keeping  costing*  dry  fro*  ell  form*  of  moisture.  Including  rein,  e*  required  oy 
protecting  with  en  approved  cover  throughout  th*  entire  cur*  period. 
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*U.2  LCflXCXtl£U2 . 

lodtro  turldCei  trail  «e  protected  it  all  time#  fro*  damage  of  any  k'rd  Out  to  t*t 
iu>'tr«ctOr'i  dcUvUiei  throughout  the  duration  of  tMi  Contract.  The  Contractor 
-Ml  net  be  rtipomiDle  tor  any  oa*«geo  coatings  caused  by  boat  traffic*  other  then 
mi  o.n,  -hen  the  loc*  it  m  service* 


U.  klkLALE  PAIwT  SIKIP15. 

n.i  Lsorxji. 

The  d-toot  -toe  yellow  paint  itripci  which  were  covered  with  eprey-uP  coating 
Mternl  met  I  be  repeinteo  in  thetr  original  locations*  Strips*  shall  t>#  painted 
-ith  two  costa  of  paint  fro*  the  t op  of  the  parapet  wall  to  tellweter  level  at 
elevation  U40, u , 

H.2  Laini-2&ULL±&±» 

Paint  shall  oe  t *o-c omponent  epoxy-Po I yemi da  paint  capable  of  eecono  coat 
application  within  4  hours  of  first  coat  application.  Physical  and  chemical 
properties  of  Paint  shall  remain  unaffected  whan  totally  immersed  in  water  46  hours 
after  application.  Color  shall  Oa  yellow  No.  1 3 1> SS  conforming  to  the  listed  chip  of 
Feo,  Std*  *>9ba*  "Colors,"  Psint  available  as  an  "of  f -l  he-aha  1  f  "  its*  masting  the 
above  requirements  la  available  from  Hoods  Paint  Co.#  t>9J2  S.m.  Macadam#  Portland# 
Uw  97219,  leleph0n#:  ( SO  3 ) 244- 7 b 1 2 #  Mr.  Tom  Braden#  traaa  named  "kopon  Epoxy#" 
manufacturer's  color  No.  22949  "Safety  Yellow"*  Paint  proposed  for  use  other  than 
"Kopon  tpoxy"  ah#))  be  accompanied  with  •  aigneo  certificate  from  the  Paint 
manufacturer  indicating  that  the  paint  proposed  for  ute  meats  all  the  above  specified 
requirements  and  that  it  is  a  premium  grace  of  paint. 

11.3  :>i4£iA£C_E££aAXAliaa« 

JP #.1  n t Sh a  1  I  Dot  be  applied  to.  sprsyryp,  c gating  materia?  prlof  to  th«  and  of  t_ha 

specifiao  jo-hour  cure  period.  Surfaces  to  receive  paint  shall  be  dry  and  fra#  from 
oil#  grease#  dirt#  duet#  ana  other  contaminants*  Existing  epoxy  paint  on  the  parapet 
wall  which  is  loose  or  flaking  shall  be  removed*  Remaining  surfaces  of  aviating 
paint  shall  be  cleaned  ••  recommended  by  th#  paint  menuf ac turer. 

11.4  fcgulJX&llAQ. 

Prior  to  use  paint  shall  be  ato red  unoer  cover  at  a  temperature  of  at  least 
7u  degrees  f*  *here  thinning  is  required  to  obtain  optimum  application  result**  the 
recommend at  ions  of  the  paint  manufacturer  as  to  type  and  amount  of  thinner  shall  be 
followed*  Paint  shall  be  mixed  in  accordance  with  the  menu f ecH urer "a  i net  rue 1 1  one . 
teen  cost  shall  oe  applied  at  a  coverage  rata  not  to  exceed  300-square  feet  per 
gallon.  Jhe  second  coat  of  paint  shall  be  applied  within  4  hours  after  application 
of  t n a  first  coat.  Paint  shall  be  applied  by  spray#  brush#  or  roller.  Areas  to 
receive  paint  shall  be  masked  or  other  measures  sstlsfectory  to  the  Contracting 
ufficcr's  kepresentet i ve  shell  be  taken  in  order  to  protect  adjacent  aurfecee  from 
overepray  and  slobbers  and  to  product  stripes  of  uniform  width  with  straight  vertical 
lines.  Pamt  applicators  and  handlers  shat)  wear  respirators#  rubber  gloves#  ana 
protective  clothing. 


12.  UUAL1TY  CONTROL. 

In  accordance  with  the  SPECIAL  PROVISIONS#  the  Contractor  ehell  inspect  for 
compliance  with  contract  reQuirements  including  but  not  limited  to  shotcrete  batching 
redu t rement •#  mix  proportions#  sno  consistency  at  the  jobsite#  piecing#  curing#  end 
all  other  testa  and  inspections  specified  or  required.  Prior  to  each  placement  of 
aprey-up  coating  the  Contractor"*  Quality  Control  Represent at  1 v#  shell  certify  in 
writing  or  by  an  approved  check-out  form  that  surfscs  preparation  is  In  accordance 
with  the  plans  *n<j  specifications.  A*  a  minimum#  the  Contractor  ehell  be  required  to 
perform  the  followings 

( 1 )  A  minimum  of  two  send  gradation  end  one  tend  mofeture  content  test  per  ohlft. 
A  rechecfc  sample  shall  be  tasted  on  any  test  not  conforming  to  specification 
requ i ramant  s . 
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Hi*  proportion*  including  ••«{>»  c«»tnt/  #a»i*turei#  f  lien#  late*  end  .  e  i  p  r , 

(J)  ^iiaurt  air  content  of  plaitic  ml*  after  it  r#i  iren  t|  rayed  fro"  l  he  ron  le, 
Two  t |m«i  p«r  ^onolith  will  bo  required, 

14)  Hecord  fiberglass  fiber  length, 

(5)  Conduct  flow  end  workability  teats  in  accoramce  with  the  roc  or.  .n.en  <j#  t  >  on»  of 
tho  Supplier  of  tho  fibara.  Two  por  monolith  will  bo  required, 

(6)  Measure  or  occurotoly  estimate  and  record  tho  amount  of  reoounu  for  each 
day's  placement  (in  percent), 

(7)  Hecord  end  check  mix  proportions  et  leest  once  per  shift  for  »eign  catering 
end  es  recommended  by  ASTh  C  t>8$  for  volumetric  batching  mo  continuous  rumg 
Plants, 

(8)  Hecord  omolont  temperatures  two  t<?)  times  per  shift  at  4-hour  Intervals. 

(V)  Cast  shotcret#  3/fl*(nch  *  24-Inch  x  24-inch  specimens  in  Cont rec t or • f u rn < shea 
molds.  Two  por  monolith  will  bo  required, 

(10)  Determine  final  depth  of  the  sprey-up  coating  during  application. 

The  Contractor  shell  employ  personnel  Qualified  to  make  reqgi raa  tests  lor  Quality 
control  and  shall  report  all  test  results  on  forms  furnished  by  the  Government.  a 
copy  of  records  and  tests/  os  well  as  the  records  of  corrective  action  taken/  trqll 
bo  furnlihod  09  hereinbefore  specified, 

\ 
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EXHIBIT  6 


REPORT  OF  TESTS  ON  FIELD-CAST  FIBERGLASS-REINFORCED 
LATEX  SPRAY-UP  PANELS 

Description 

Letter  Report  from  Division  Laboratory 
Tabulated  Laboratory  Test  Results 
Load  Deflection  Graphs  of  Flexural  Tests 


I 


Item 

1 

2 

3 

[ 


A  DDR  l  SS  HI  PL  Y  TO 

Dim  C  lOR 

NOT  TO  INDIVIDUAL  S 


U  S  ARMY  ENGINEER  DIVISION.  NORTH  PACIFIC 
CORPS  OF  ENGINEERS 

NORTH  PACIFIC  DIVISION  MATERIALS  LABORATORY 
Rr  2.  Box  12 A 

TROUTDALE  OREGON  97060 


NPuEh-GS-L  (80-C-710)  22  September  1980 

SUBJECT:  Lower  Monumental  Navigation  Lock,  Report  of  Tests  on  Field 
Cast  Fiberglass  Reinforced  Latex  Spray-up  Panels 


District  Engineer,  kalla  Vjalla 
ATTN:  NPWEN-FM 


1.  Please  reference: 

a.  Your  DA  Form  2544  Order  No.  E85800097  dated  17  July  I960 

b.  NPD  Form  300  dated  15  April  1980  covering  transmittal  of 
fifty-one  nominal  1/2"  to  3/4"  x  24"  x  24"  fiberglass  reinforced  latex 
shotcrete  panels  (rec'd  4/15/80). 

c.  Telecon  15  Aug  80  to  your  Mr.  Schrader,  NPVvEN-FM  wherein 
preliminary  results  were  reported. 

2.  Attached  confirming  telephoned  information  is  report  of  flexural 
strength,  center  point  deflection,  tensile  strength,  and  freeze-thaw 
durability  tests  made  on  the  above  panels.  Included  are: 

a.  Incl  1,  Report  of  Tests  on  Fiber  Reinforced  Latex  Spray-bp 
Panels. 

b.  Incl  2,  Graphical  Report  of  Typical  Deflection  Curves  for 
three  Latex  Spray-Up  Panels. 

3.  The  fifty-one  24  x  24  inch  fiberglass  reinforced  panels  were 
numbered  at  random  when  received.  Panels  ranged  from  0.30  to  0.88 
inches  in  thickness  with  one  formed  and  one  rough  "as  sprayed"  face. 
Due  to  the  time  and  cost  required  for  milling  the  sprayed  face  to  a 
plane  surface,  the  panels  were  tested  as  received.  Thickness  was 
measured  from  the  formed  to  the  estimated  effective  cross  section  of 
the  sprayed  face. 
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NPDEN-GS-L  (80-C-710)  22  September  1 980 

SUBJECT:  Lower  Monumental  Navigation  Lock,  Report  of  Tests  on  Field 

Cast  Fiberglass  Reinforced  Latex  Spray-up  Panels 

4.  One  nominal  2.4  x  12  inch  test  piece  was  sawn  from  each  panel  for 
flexural  strength  and  center  point  deflection  tests.  Additional  test 
pieces  were  sawn  from  nine  panels  for  duplicate  tests.  Flexural 
strength  was  determined  by  third  point  loading,  simple  span  =  10.0 
inches.  A  total  of  twenty-nine  panels  were  tested  with  the  formed 
face  in  tension  and  thirty-one  with  the  sprayed  face  in  tension. 
Deflection  was  measured  at  the  center  point.  Freeze-thaw  and  tensile 
strength  tests  were  made  on  six  each  nominal  2.4  x  6  inch  test 
specimens  from  panels  Nos.  4,  8,  12,  16,  20,  24,  26,  32,  36,  40,  44, 
and  48.  Freeze-thaw  specimens  were  soaked  48  hours  prior  to  test. 
Tensile  test  specimens  were  loaded  in  direct  tension  by  use  of  chain 
coupled  clamps.  Tensile  strength  ranged  from  720  to  1 300  psi,  with  an 
average  strength  of  950  psi.  The  freeze-thaw  test  specimens  had  an 
average  weight  gain  of  0.5  percent  at  300  cycles.  It  is  believed  the 
weight  gain  was  due  to  additional  water  absorbed  during  over  the  25 
days  of  test.  Apparently  this  weight  gain  was  greater  than  the  slight 
loss  due  to  the  freezing-thawing  erosion. 

5.  Average  flexural  strength  of  the  specimens  tested  with  the  formed 
and  "as  sprayed:  faces  in  tension  was  2250  and  3500  psi.  respectively. 
Results  of  duplicate  tests  made  on  specimens  from  nine  panels 
confirmed  flexural  strength  was  effected  by  orientation  of  the  panel. 
Average  flexural  strength  for  the  nine  sets  of  test  pieces,  from  the 
same  panels,  with  the  formed  faces  in  tension  was  1890  psi  versus  3360 
psi  with  the  "sprayed"  face  in  tension.  In  eight  of  the  nine  test 
sets  the  sprayed  face  had  a  significently  higher  flexural  strength 
with  one  set  approximately  equal.  Detailed  results  are  shown  in 
Inclosure  No.  1.  Additional  tests  were  made  on  pieces  sawn  from  three 
panels  to  (1)  determine  the  reliability  of  the  test  equipment  and 
method  and,  (2)  to  determine  the  consistancy  of  the  panels.  Results 
were  as  follows: 


Panel  Flexural  Strength,  psi 


_J£_ 

Am. 

6 

1800 

2140 

1970 

15 

3400 

3530 

171c 

2880 

34 

2360 

2660 

2580 

2530 

Results  indicate  the  panels  are  generally  consistant  in  quality  and 
the  test  results  are  reproducible.  The  reason  for  the  difference  in 
flexural  strength  due  to  the  orientation  of  the  sprayed  and  formed 
faces  is  not  definitely  known.  The  sprayed  faces  were  quite  rough 
with  a  surface  relief  of  approximately  1/4-inch.  A  combination  of 
fiber  orientation  and  localized  crushing  under  the  loading  head  and 
supports  may  have  been  a  contributing  factor. 
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NPDEN-GS-L  (80-C-710)  22  September  198O 

SUBJECT:  Lower  Monumental  Navigation  Lock,  Report  of  Tests  on  Field 
Cast  Fiberglass  Reinforced  Latex  Spray-up  Panels 

6.  Analysis  of  the  deflection  data  indicates  the  flexural  beams  had 
little  residual  strength  capacity  after  the  ultimate  strength  was 
obtained.  Deflection  readings  were  difficult  to  obtain  once  the 
ultimate  strength  was  reached  as  the  beam  load  capacity  generally  fell 
rapidly  to  near  zero  or  the  beam  failed  completely.  The  deflection 
curves  shown  in  Inclosure  2  are  typical  of  the  flexural  beams  tested. 

8.  This  completes  all  work  requested 


Incl  (dupe) 
as 


:ORGE 
Director 
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LOWER  MONUMENTAL 

Report  of  Teste  on  Fiber  Reinforced 
Late*  Sprav-Up  1\me I ■» 
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A/PP£/v-  GjT-^L  (SO-C-7/C>~) 


LOWER  SNAKE  RIVER  PROJECT 


PLATE  1 


— -  LO*0  SoCo/owo  £ L  440 


GENERAL  PLAN 


US.  ARMY 


PLATE  2 


APPLYING  ONE  OF  THE  TRIAL  SURFACE  COATINGS  TO 
MONOLITH  9  FROM  A  FLOATING  PLATFORM. 


APPLICATION  OF  ONE  OF  THE  10  FOOT 
WIDE  TRIAL  COATINGS  FROM  A 
CROWDED  HANGING  SCAFFOLD. 


APPLICATION  OF  THE  SPRAY-UP  MORTAR  AND  FIBER) 
FIBERS  FROM  THE  "NOZZLE"  AND  "  CUTTER  HEAD"  Dl 
THE  TRIAL  COATING  OPERATION.  ROLLING  OF  THE  O 
IS  BEING  DONE  IMMEDIATELY  BEHIND  THE  SPRAY 
APPLICATION. 


TWO  TYPICAL  CORES  TAKEN  FROM  THE  LOCK  WAll 
THROUGH  THE  TRIAL  COATING.  THE  CORE  ON  THE 
SHOWS  EXCELLENT  BOND  OF  THE  COATING  TO  THI 
CONCRETE.  THE  CORE  ON  THE  RIGHT  FAILED  AT  TH 
INTERFACE  ALONG  UNSOUND  MATERIALS  NOT  PRC 
CLEANED  FROM  THE  SURFACE  BEFORE  APPLICATIOt 
THE  COATING. 


PHC 


t 


A  HIGH  PRESSURE  WATER  Jl 
6500  PSI  FLAKES  OFF  THE  O 


TRIAL  SURFACE  CLEARING  WAS  DONE  PRIOR  TO 
PREPARATION  OF  BIDDING  DOCUMENTS  TO  CONFIRM 
WHAT  DEGREE  OF  CLEARING  WAS  NECESSARY  AND 
COULD  PRACTICALLY  BE  ACCOMPLISHED  WITH  VARIOUS 
PIECES  OF  EQUIPMENT  IN  THE  FIELD. 


NOT  ALREADY  SCALED  AWAY. 


PHOTOGRAPHS  OF  SURFA 


A  HIGH  PRESSURE  WATER  JET  OPERATING  HERE  AT  ABOUT 
6500  PSI  FLAKES  OFF  THE  OUTER  LAYER  OF  UNSOUND  MORTAR. 


>F  SURFACE  MORTAR  WOULD  FLAKE  OFF  WHERE  IT  HAD 


9 


IOTOGRAPHS  OF  SURFACE  CLEANING  TECHNIQUES 

PLATE  5 


/ 


I 


WORKING  FROM  BARGES  TOAPPLY  THE  LOCK  WALL 
COATING  NEAR  THE  UPPER  LIFTS. 


APPLYING  THE  MORTAR  SIMULTANEOUSLY  WITH  THE 
FIBERGLASS  FIBERS  IN  AN  AREA  OF  MINIMAL  SCALING 
NEAR  THE  TOP  OF  THE  LOCK. 


LOCK  WALL  ABOUT  75%  COATED 
WITH  THE  WORK  BARGES 


ONE  OF  THE  FOUR  SPRAY-UP  UNITS 
FROM  THE  MIXER  IN  THE  TUB  AND 
PUMP.  IT  IS  PUMPED  THROUGH  THI 
WHERE  IT  IS  ATOMIZED  AND  SPRA1 
SIMULTANEOUSLY  CUTTING  THE  FIB 
OVERHEAD  STRAND  AND  BLOWINC 


PHOTOGRAPHS  OF  CONTRACT  RE 


!*!» 

!to 


ii 


ONE  OF  THE  FOUR  SPRAY-UP  UNITS.  MORTAR  IS  BROUGHT 
FROM  THE  MIXER  IN  THE  TUB  AND  DUMPED  INTO  THE  GROUT 
PUMP.  IT  IS  PUMPED  THROUGH  THE  HOSE  TO  THE  NOZZLE 
WHERE  IT  IS  ATOMIZED  AND  SPRAYED  ONTO  THE  WALL  WHILE 
SIMULTANEOUSLY  CUTTING  THE  FIBERS  FROM  A  CONTINUOUS 
OVERHEAD  STRAND  AND  BLOWING  THEM  ONTO  THE  WALL. 


OGRAPHS  OF  CONTRACT  REPAIR  OPERATIONS  (I) 

PLATE  6 


HIGH  SHEAR  MORTAR  MIXER.  THE  GROUT  PUMP  TO  THE 

RIGHT  HAS  THE  CONTROLS  COVERED  WITH  POLYETHYLENE 

SHEET.  CEMENT  IS  STOCKPILED  IN  BACK. 

TIMING  THE  MU 
MORTAR  MIXER 

"j&J  •ivSSas.v 

f; 


f  't#r  .^-1k 

WALL  SURFACE  AFTER  ACCEPTABLE  SURFACE  PREPARATION 
IN  THE  LOWER  LIFTS. 


V: 


.11 


MORTAR  MIXI 


PHOTOGRAPHS  OF  CON 


MORTAR  MIXER  AND  PUMP  CONTROL  BOARD. 


PHOTOGRAPHS  OF  CONTRACT  REPAIR  OPERATIONS  (0) 

PLATE  7 


i 


APPEARANCE  OF  THE  NORTH  LOCK  WALL  AFTER  ABOUT  - 

6  MONTHS  OF  SERVICE.  CONDITION  OF  THE 


IMPACT  MARKS  W 
COATING 


APPEARANCE  OF  THE  WALL  COATING  IN  THE  UPPER  LIFTS 
WHICH  HAD  MINIMAL  DETERIORATION. 


APPEARANCE  OF 
COVERS  VERY  RC 
CONCRETE  SIMILE 


PHOTOGRAPHS  OF  CONT 


CONDITION  OF  THE  LOCK  WALL  SHOWING  RUB  AND 
IMPACT  MARKS  WHERE  BARGES  HAVE  HIT  THE  WALL 
COATING. 


-  w.':  * 

:  v  - 

v-— >A 


*5-;  - 


4  -ff  -.V' 


??••*■*  .:-' 


•^v  5^1  _w*  -V^^*=L 

•  * .**?*■ X-v- c* 

.-,  V  -yV’-'v  -v,^, 

•r  — •.  **•-  -.•  .v 


•:f  ij*;;£t«r'*4*  * -* 

*•  '  ,  *’.  ‘W  J-  ,^k  t  .^.-  -  w  *-^*!  .  >  •  ’- 

■  .  •  •  •  \;^-3r^S'4V^“'  'w— * 

APPEARANCE  OF  THE  COATING  TO  THE  LEFT  WHERE  IT 
COVERS  VERY  ROUGH  AND  SEVERELY  DETERIORATED 
CONCRETE  SIMILAR  TO  THAT  VISIBLE  TO  THE  RIGHT. 


OTOGRAPHS  OF  CONTRACT  REPAIR  OPERATIONS  (ID) 


PLATE  8 


In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


Schrader,  Ernest  K. 

Deterioration  and  repair  of  concrete  in  the  Lower 
Monumental  Navigation  Lock  Wall  :  final  report  /  by 
Ernest  K.  Schrader  (U.S.  Army  Engineer  District,  Walla 
Walla).  —  Vicksburg,  Miss.  :  U.S.  Army  Engineer 
Waterways  Experiment  Station  ;  Springfield,  Va.  : 
available  from  NTIS,  [1981]. 

113  p.  in  various  pagings,  8  leaves  of  plates  (some 
folded)  :  ill.  ;  27  cm.  —  (Miscellaneous  paper  /  U.S. 
Army  Engineer  Waterways  Experiment  Station  ;  SL-81-9) 

Cover  title. 

"June  1981." 

"Prepared  for  Office,  Chief  of  Engineers,  U.S.  Army 
under  CWIS  31553." 

"Monitored  by  Structures  Laboratory,  U.S.  Army 
Engineer  Waterways  Experiment  Station." 

1.  Concrete  dams.  2.  Locks  (Hydraulic  engineering). 

3.  Lower  Monumental  Lock  and  Dam  (Wash.)  h.  Navigation. 


Schrader,  Ernest  K. 

Deterioration  and  repair  of  concrete  in  the  Lower  :  ...  1981 

(Card  2) 

I.  United  States.  Army.  Corps  of  Engineers.  Office  of 
the  Chief  of  Engineers.  II.  United  States.  Army.  Corps 
of  Engineers.  Walla  Walla  District.  III.  U.S.  Army 
Engineer  Waterways  Experiment  Station.  Structures 
Laboratory.  IV.  Title  V.  Series:  Miscellaneous  paper 
(U.S.  Army  Engineer  Waterways  Experiment  Station)  ;  SL-81-9. 
TA7.W3i*m  no.  SL-81-9 


